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ABSTRACT 
 

This human factors research demonstrated the importance of instruction design on 
assembly performance and self-efficacy in young children.  The mixed-method usability 
study evaluated the effect of gender, age, toy, and experience on assembly performance, 
frequency and duration of instruction looks, subjective evaluations, and usability problems. A 
total of twenty-four boys and girls, six- and nine-year-olds, assembled K’NEX, LEGO, 
BIONICLE, and Lincoln Log toys using the accompanying pictorial assembly instructions.  
Other research objectives included recommending key usability measures for instruction 
designers, developing a model of assembly self-efficacy, and evaluating traditional usability 
methods for use with children. 

Not surprisingly, quantitative results revealed that the older children assembled the 
toys more quickly and accurately with fewer usability problems.  Six-year-old girls had the 
highest rate of mistakes.  The nine-year-olds required fewer instruction looks of shorter 
duration than the six-year-olds.  With few exceptions, toy comparisons were similar across 
subjective and objective measures.  Thirty-two instruction design usability problems were 
described and illustrated and resulted in twenty-seven design recommendations.  For 
example, more than half of the children omitted components added to the main assembly in 
the presence of a subassembly construction suggesting that the subassembly should be in a 
separate frame. 

Principal components analysis of all quantitative measures revealed four key 
components for the usability testing of pictorial assembly instructions: performance, 
satisfaction, difficulty, and previous experience.  

A qualitative analysis of the think-aloud data and observations, using Grounded 
Theory, produced a model of assembly self-efficacy from child users’ psychosocial and 
cognitive perspectives that affirmed the importance of user-centered instruction design.  Girls 
exhibited lower self-efficacy and a greater tendency toward internal attributions, which was 
exacerbated by assembly of a boy-oriented toy.  Six-year-old children were more affected by 
excess extraneous cognitive load and inaccurate information, such as color mismatches 
between the instructions and object. 

 Adaptations of traditional usability methods and instruments were effective with 
children.  They included video training for thinking aloud, visual-analog rating scales, and 
pictorial ranking instruments.  A small head-mounted camera provided an economic means 
for gathering gross instruction encoding times and for better understanding the user’s 
perspective. 
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1. INTRODUCTION 

1.1. Rationale 

The ability to follow procedural instructions is an important life skill required in such 

areas as health, safety, training, education, repair, basic operation of machinery and systems, 

and assembly.  When instructions are difficult to follow, adults very often think the fault lies 

with them and that they are not skilled or experienced enough for the task (Adams, 1999).  As 

with adults, poorly designed instructions can have a significant negative impact on children 

and their sense of self.  If instructions fail to effectively communicate a procedure, children 

may conclude they are not sufficiently capable of understanding or implementing 

instructions.  This may be particularly problematic for girls, who in academic domains are 

more likely to attribute failure to lack of ability (Stipek & Gralinski, 1991) than boys.   

A child’s earliest exposure to instructions most likely comes from playing with 

building and modeling toys.  The instructions for these specific types of toys are designed so 

that child users can work independently of adults.  The purpose of the toy is to expose the 

child to the problem solving process of building and construction.  If the assembly were done 

by the adult, the toy would have no purpose or value to the child.  To give young children a 

good start with building and modeling toys, it is important to identify how they interact with 

instructions and age-appropriate methods for graphically communicated assembly 

procedures.  

Despite the prevalence of high-tech toys, traditional, physical toys remain very 

important in helping children develop physically and cognitively as well as emotionally and 

socially  (Brouwer-Janse et al., 1997; Eisenberg, 1999).  The types and varieties of play 

experiences children are exposed to can impact the development of creativity, reasoning, 

problem solving, emotional sensitivity, self-confidence, self-regulation of behavior and 

interactions with others (Smith, 2003).  One common and important type of play for children 

involves construction with blocks, bricks, logs and model kits.  The Consumer Product Safety 

Commission (CPSC) states that children ages 6-12 find building with interlocking sets 

“highly interesting” and that “by the time children have reached these ages, they have 

developed the cognitive abilities to follow directions and to understand step sequences, so 

working on model kits is appropriate” (Smith, 2003, p. 63).  However, the instructions 
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accompanying model kits vary tremendously in their design and potentially in their 

effectiveness to communicate assembly procedures to children (Martin & Smith-Jackson, 

2005).  For example, one set of instructions may be presented with text in multiple languages, 

with a black and white line drawing showing a single exploded diagram on a large fold-out 

sheet.  Another set may use purely pictorial instructions with structural diagrams and parts 

lists presented in a color booklet with a small number of steps in each frame.   

Researchers and designers do not yet fully understand how graphic variables impact 

the effectiveness of procedural step sequences.  Human factors tools and methods are 

appropriate for the systematic study of children’s use of pictorial assembly instructions and 

for developing and testing guidelines. 

Consumers are becoming more selective and less tolerant of poorly designed 

instructions, yet companies are slow to focus on improvement.  "Concern about the design of 

instructions continues because even now many are difficult to follow, and the hidden costs to 

industry and the community are not widely appreciated" (Wright, 1999, p. 62).  Bad 

instructions can directly impact company profit and reputation.  When adults were surveyed 

regarding children’s products, 81% responded that manuals affected their feelings about the 

manufacturers quite a bit or very much.  When asked how poor manuals made them feel 

about how easy a product is to use, 72% said they would be disappointed and frustrated and 

81% would be less likely to purchase from that manufacturer (Graham, 2003).  With online 

retailers enabling consumers to post product reviews, parents and children are beginning to 

provide feedback on toys and their instructions (Martin & Smith-Jackson, 2005).  Future 

customers may decide whether to buy a building toy based on its reported instruction quality 

and effectiveness. 

One of the difficulties facing instruction designers is that the few published 

guidelines and research findings are scattered among the literature in diverse areas and are 

difficult to find (Wright, 1999) and even more difficult to apply.  Few expert guidelines are 

supported by objective research and some guidelines even contradict one another.  Often 

researchers do not share sufficient detail from their test instructions to make it possible to 

predict if results will generalize to another situation.  Additionally, researchers may 
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sometimes neglect to account for the fact that changes in one design feature can affect other 

important features. 

There has been some basic research on the design of procedural instructions, focusing 

largely on the benefits of incorporating pictures or diagrams (Evans III, Hoeft, Jentsch, & 

Bowers, 2002; Glenberg & Langston, 2003; Marcus, Cooper, & Sweller, 1996; Morrell & 

Park, 1993; Stone & Glock, 1981).  There is also a small body of research on select graphical 

aspects of pictorial instruction, addressed most comprehensively by Carl Szlichcinski (1980; 

1984).  The majority of the research has involved adult participants and examined age-related 

changes in the use of assembly instructions among adults and older adults (Morrell & Park, 

1993; Salthouse, 1990), but little research has been focused on children (Murphy & Wood, 

1981; Pillay, 1998; Stufft, 1988).   

More and more designers are turning to purely pictorial instructions to accommodate 

an international market (Rodriguez & Polson, 2004) and users with varying levels of verbal 

literacy.  Like verbal literacy, graphical literacy is a learned skill (Perkins, 1980).  However, 

graphical literacy is not specifically taught but is assumed to be learned through experience 

and exposure.  Michael Twyman, in his seminal discussion of the problem space of pictorial 

language states “learning to understand the different configurations, conventions, and styles 

of pictorial language is surely something that has to be considered seriously from an 

educational standpoint if we are to treat pictures as serious carriers of information” (1985, p. 

304).  There is little likelihood that pictorial comprehension will be formally addressed by the 

education system in the near future, particularly because no standards exist.  Therefore, it is 

important to identify the levels of graphical competency and understanding that children 

generally achieve at varying ages through socio-cultural exposure and to identify ways to 

build upon that knowledge. 

For young children, whose processing speed and working memory are still 

developing, understanding an assembly process as represented by discrete pictures on paper 

presents special challenges (Fry & Hale, 2000).  According to the principles of Cognitive 

Load Theory (see section 2.7.1), a smaller and slower working memory leaves children with 

fewer resources to process intrinsic and germane loads than adults.  The extraneous load may 

interfere with the development of schemas and mental models and slow the learning process 
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(Pillay, 1998).  Children are also much more susceptible than adults to memory interference 

even when it comes from different domains (Hale, Bronik, & Fry, 1997).  Creators of toy 

instructions must take extra care to design for the capabilities of their young users and follow 

up with testing using children in the target age range. 

In summary, the research shows that children are a special user group, with unique 

and developing characteristics, who can benefit greatly from construction play but could be 

discouraged by instructions that are designed without developmentally appropriate graphics.  

If the instructions cause children to lose self-efficacy and disengage from building activities, 

they are deprived of a valuable learning opportunity.  A review of related literature reveals 

very little research addressing usability of pictorial instructions by children.  Coupled with 

this, there is no established procedure or set of measures to characterize usability in this 

domain.  Human Factors Engineering methods are well-suited to address these gaps in 

knowledge. 

The results of the study provide tangible and practical contributions to designers, 

children, and human factors practitioners.  Designers benefit from having a model of how 

children interact with instructions to build self-efficacy.  Designers can incorporate the 

empirically-derived guidelines with full confidence that the guidelines are specifically 

tailored to young children and pictorial assembly instructions.  Documenting differences 

between participant groups based on age, gender, and experience sensitizes designers to the 

varied and developing capabilities of children and encourages them to design inclusively 

following principles of universal design. An efficient and descriptive set of usability testing 

variables helps companies keep testing time and budgets to a minimum.  Children benefit by 

having suitably challenging and appropriately designed instructions that will bolster their 

assembly self-efficacy.  This should encourage their participation in building activities 

resulting in improved spatial ability and potentially an increase in math and science aptitude 

(Tracy, 1987).  From this research, human factors professionals gain new understanding of 

how children interact with instructions and can incorporate the findings into the design of 

printed materials for children.  They also have access to an additional perspective on 

developmental usability, particularly with respect to utilizing think-aloud procedures and 

subjective evaluation instruments.  The recontextualizing of usability assessment is important 
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as the human factors community extends its domain to include children and other under-

represented groups.   

1.2. Research objectives and approach  

The overarching question guiding this study was how can pictorial assembly 

instructions be designed and evaluated to best facilitate the development of instruction 

comprehension skills and assembly competencies among young children.  To begin to 

address this question, it was important to assess how children work with existing, off-the-

shelf toys and instructions and the degree to which the instructions match the target users’ 

cognitive capabilities.  Fundamental to this is how one can best measure usability and solicit 

relevant information from children given the traditional methods used in Human Factors 

Engineering were designed and validated with adults.  Based on these interrelated lines of 

inquiry, four main objectives were set for this study: 

Objective 1.  Usability Assessment and Design Recommendations: Understand if and 
how toy instructions, age, gender, and previous experience affect usability, 
assembly performance, instruction encoding time, and subjective evaluations 
of workload and satisfaction.  Develop pictorial instruction design guidelines 
appropriate to six- and nine-year-old children.  

Objective 2. Key Usability Factors: Identify relevant measures for efficient usability 
testing of children’s pictorial instructions.  

Objective 3. Developmental Usability Methods: Evaluate traditional usability assessment 
procedures for use with six- and nine-year-old child participants including 
appropriateness of think-aloud techniques, measures of instruction encoding 
time, subjective evaluation instruments, and ability to respond to structured 
interviews.  

Objective 4. Model of Assembly Self-Efficacy: Develop a generalized model of how 
children increase self-efficacy with instruction-based assembly.  

   

A mixed-method research approach was employed using both quantitative 

(Objectives 1-3) and qualitative (Objective 4) assessment.  Quantitative analysis of the 

assembly task included measures of performance, instruction encoding times, utterances, and 

subjective evaluations.  Qualitative analysis of observations and verbal protocols identified 

developmental and gender-related differences.  Grounded Theory (Chambers & Craig, 1998; 
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Glaser & Strauss, 1967; Strauss & Corbin, 1998) was selected among qualitative methods as 

best-suited to identify underlying phenomena in the child-task-instruction interaction. 

The study was conducted with a sample of twenty-four children, boys and girls, six- 

and nine-year-olds (Figure 1).  Manufacturer-supplied pictorial instructions were used to 

guide participants through the assembly of four commercially-available toys: Kid K’NEX 

Fish-Eyed Friends, Lincoln Logs®, BIONICLE and LEGO X-Pod®. 

 

 

Figure 1. Research model. 
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2. LITERATURE REVIEW 

2.1. Instruction design 

Instructions are pervasive in daily living; examples include owner's manuals, 

assembly instructions, training materials, product repair information, maintenance and 

troubleshooting guides, quick reference guides, and storage or disposal information (Smith, 

2003).  When these instructions fail, there is always a cost, whether it is the user’s time, 

health and well being, or company sales, respect or trust (Wright, 1999).  With the steady 

growth of the ready-to-assemble furniture market (Vlosky, Poku, & Wille, 2001), one would 

expect that instruction quality would be improving.  However, Patricia Wright (1999), in her 

discussion of printed instruction research notes that while manufacturers are focusing on 

designing more ergonomic products, little attention is paid to the accompanying paper 

instructions.  She found that there has been a clear shift away from print research as 

evidenced by declining numbers of publications and articles on the subject (Wright, 1999). 

There are many reasons why consumer product instructions may be poorly designed.  

With the de-centralization and globalization of many companies, product designers, 

manufacturing, and packaging may not be colocated and may not be communicating 

effectively.  The instructions may be written by a low-level technical writer (Wright, 1999), 

or by marketing personnel who do not know enough about the product, or by engineers who 

know too much (Mintz, 2004).  Designers may not consult or incorporate existing guidelines, 

perhaps because they find guidelines to be either self-evident or contradictory (Zwaga, 

Boersema, & Hoonhout, 1999).  They may also have difficulty applying guidelines because 

they are too general with no objective means for measuring success (Bonner, 1998).  Zwaga 

et al. identify a vast disconnect between ergonomists/human factors researchers, who 

manipulate designs without understanding the delicate interplay between elements, and 

instruction designers.   

Instruction design guidelines must be specific with regard to context and users 

characteristics because there are few that will apply widely across all domains of use 

(Barnard & Marcel, 1984).  In addition, guidelines cannot be applied selectively without 

regard to their overall impact; the user-task-document interface must be viewed holistically. 

"Design requirements need to be specified taking into account the kind of information to be 
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displayed, the purpose for which the graphic product will be used, the characteristics and 

aims of the intended users, and the effect design options have on each other when combined 

in one design” (Zwaga et al., 1999, p. xxii).  The last portion of that statement is critical as 

the design choices work in concert to produce one message.  A single bad choice may render 

a document far less usable. 

Because companies are subject to heavy time and budget pressures as they release 

new products and strive to increase their market share and profit margins, it can be difficult to 

develop effective instructions (Agrawala et al., 2003).  Bob Nall, a packaging executive for a 

major international toy manufacturer, echoed the time and budget constraints when 

describing the process for designing and testing instructions (personal communication, 

October 27, 2004).  He cited the impact of the cost of art and paper, and explained that 

general templates are used repeatedly as artists (not human factors professionals) interpret the 

information flow for the product.   

A further complication with instruction design results from the consolidation and 

globalization of toy companies.  Many major toy companies such as Hasbro and Mattel, are 

headquartered in the U.S.  However, 75% of all toys are manufactured in China ("China: toy 

empire, or enemy?," 2005), where instruction printing and packaging occur.  Instructions are 

typically designed in the US and printed nearer the manufacturing plant introducing the 

possibility of deviations from design to final product.  

Given the need to test quickly and efficiently, the process could be improved by 

providing designers with readily applicable, descriptive, measurable, research-based human 

factors design principles that are developed specifically for their target users (e.g. boys and 

girls ages 6-9) and particular toy type (e.g. building materials). 

2.2. Children and play 

2.2.1. Importance of physical toys 

Children require physical play with traditional materials to grow and develop to their 

full potential.  Physical toys offer a number of advantages over computer-based games 

(Brouwer-Janse et al., 1997).  The latter are more solitary, serial, limited.  The former are 



9 

social, multisensory, flexible, exploratory, and affect perceptual and motor skills, thinking 

and problem solving.  

Eisenberg and Eisenberg (1999) describe the important role that real, physical objects 

have as metaphors for scientific principles and inspiring and educating children in math and 

science.  There is a growing body of evidence that physical building toys contribute to spatial 

ability, and in turn, science and math aptitude (Robert & Heroux, 2004; Tracy, 1987, 1990).  

In a study of 282 5th graders, high spatial ability was associated with higher science 

achievement scores.  Using the Bem sex-role inventory, children were typed as masculine, 

feminine, undifferentiated, or androgynous.  Among femininely-oriented children of either 

sex, greater experience with 3-D toys such as Tinker Toys, LEGOs,  and models was 

associated with increased science achievement (Tracy, 1990).  However, this connection was 

not found among children of other sex-types.   

An NPD Group report, as cited in the Toy Industry Association’s 2005 Annual 

Report  (2005), found that of all toy supercategories, building sets had the largest rate of 

increase in sales at 16%, growing from $599.8 M in 2004 to $695.2 M in 2005.   Of the 

eleven supercategories, sales for eight actually decreased from 2004 to 2005.  Building and 

construction toys are only becoming more prevalent. 

Children are expected to be the primary or sole assemblers for most of these building 

and model toys such as LEGO, K’NEX, Tinker Toy®, Mega Bloks®, and Lincoln Logs.  The 

building experience is intended to promote perceptual, visual and motor skills in the child, 

not the adult.  Given the importance of building and construction type toys, a child should not 

be enticed by an appealing toy only to be disappointed by confusing instructions that are not 

age-appropriate, understandable, or relatable.  

2.2.2. How children play and learn 

Children are accustomed to playing in a variety of ways and to learn a new skill they 

often switch among activities such as exploring, asking for help, needing coaching, or 

observing (Kahn, 1999).  They engage in many play activities, constantly learning, forming 

and adapting schemas and mental models to increase their understanding of the world.  There 

are two schools of thought regarding learning and development that have implications for 
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children learning about assembly tasks: Piaget’s Constructivism (as described in Greig & 

Taylor, 1999) and Vygotsky’s (1962) Zone of Proximal Development.   

Piagetian views suggest that children learn from the inside-out, beginning with 

inborn schemas (models or representations) such as sucking and grasping that evolve into 

more complex schemas through assimilation and accommodation as the child develops.  With 

assimilation, the child applies an existing schema to a new situation.  Accommodation refers 

to fine-tuning a schema to adapt to a new situation.  Constructivism purports that the learner 

constructs his or her own knowledge thus bringing about deeper and more sustained 

knowledge.  According to Piaget’s theory, as described by Greig & Taylor (1999), children 

go through four major stages of development including: (1) sensori-motor (0-2 years) when 

reflexes grow more complex and object permanence is understood; (2) pre-operational (2-7 

years) when children think inanimate objects are alive and everyone sees things as they do; 

(3) concrete operational (7-12 years) when children are better able to assess appearances and 

reality and think in relative terms, but still have little grasp of abstract; (4) formal operational 

thought (>12 years) when formal logic and abstract thinking occur (Greig & Taylor, 1999).  

While the basics of Piaget’s model are still supported, much of this has been revised, and in 

some cases contradicted (Greig & Taylor, 1999).  What can be gleaned from the framework 

proposed by Piaget, is that designers need to create material that is within the capabilities and 

range of understanding of children.  For instance, an abstract system of notation and symbols 

may be appropriate for instructions for children over 12, but it may be meaningless for 

younger children.  Instructions must support the development of schemas and mental models, 

building upon existing knowledge to help children increase their competency with assembly 

tasks and understanding of graphical communication.   

Vygotsky’s Zone of Proximal Development (1962), postulates that learning comes 

from the outside-in and in a social manner.  He believes that a more accurate measure of 

development and performance is obtained when a child has the assistance of an adult or an 

able peer on a task (Greig & Taylor, 1999).  He encourages scaffolding, in which an adult or 

peer gradually withdrawals help to a point of independence for the child, as a more natural 

way for children to learn.  In addition, Vygotsky maintains a preference for children to be 

observed in natural settings rather than in traditional laboratories. 
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Instructions may be thought of as an inanimate substitute for the help of an adult or 

peer.  Murphy and Wood (1981) suggest that children demonstrate flexibility and creativity 

by seeking help from people or instructions.  They studied how well children could obtain 

and understand assembly help from nine step-by-step photographs of the building of a 

wooden pyramid.  They concluded that the children ages 4 to 8 were all generally able to 

make use of the instructions and perform better than the group that had only verbal 

instructions to “build a pyramid out of the blocks.”  The finding lends support to the theory 

that well-designed instructions can help children develop schemas and models related to 

construction toys and principals. 

2.2.3. Age appropriate building toys 

Children are a special population with developing capabilities and interests (Bekker 

& Markopoulos, 2003; Druin, 2002; Druin et al., 1999; Fleming, Morrissey, & Kinghorn, 

1997).  Whereas adults of varying ages may be more similar than different in some aspects, 

children are changing so rapidly that even a year or two of separation among school children 

can make a tremendous difference in their responses and reactions to a given situation.   

Toy safety is governed by the U.S. Consumer Product Safety Commission (CPSC) 

based on the requirements and testing methods put forth in ASTM F963-03 (2003) for toys 

intended for children under fourteen years of age.  Much of the standard is voluntary, but is 

followed by the majority of toy manufacturers and is required by many retailers (Toy 

Industry Association Inc., 2007). 

Age labeling further defines the product’s target user group based on elements such 

as stature, developmental level, and maturity.  The CPSC recognizes and addresses these 

differences in their age determination guidelines for toys (Smith, 2002).  It describes 

children’s general interests and capabilities within defined age groups based on related early 

childhood research and literature (see Table 1).  The document segments the age groups as 

four through five years, six through eight years, and nine through twelve years.  Toys are 

grouped into seven main categories including early exploration/practice play, construction 

play, pretend & role play, game & activity play, sports & recreation play, media play, 

educational & academic play.  Construction play is further segmented into blocks and 

interlocking building materials.  They have identified 14 characteristics of toys that can be 
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used to determine appropriate age ranges and include: size, shape, number of parts, 

interlocking versus loose parts, materials, motor skills required, color/contrast, cause and 

effect, sensory elements, level of realism/detail, licensing, classic, robotic/smart features, and 

educational.  Table 1 shows the age guidelines for interconnecting blocks and models for age 

groups four through five, six through eight, and nine through twelve years.  The guidelines 

are virtually identical for ages six through eight and nine through twelve with the exception 

that cement-based model kits are appropriate for the older age group.  There are significant 

differences between the four through five age group and the six through twelve group 

primarily related to the part sizes.  The CPSC notes that the size and number of parts are the 

most influential characteristics in determining the appropriate age range.  For children ages 

six through twelve years, 100 or more pieces of sizes from under one inch on up, in a variety 

of shapes and materials, are considered appropriate. 
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Table 1. Toy Characteristics By Age Group For Interlocking Building Materials.   
From Consumer Product Safety Commission  (Smith, 2002) 

Age Toy 
Characteristic 4 through 5 years 6 through 8 years 9 through 12 years 

Size of Parts* 
 

2-3 inches for more complicated 
designs like nuts & bolts 
<1 inch for simple designs like 
bricks 

Variety of very small(<1”), small (1-2”) & large (2-3”) pieces 

No of Parts* 80-100 100 or more 

Interlocking/ 
Loose Parts 

Simple interlocking designs: 
snapping, screwing, press 
together, rods & connectors, 
notched logs  & nesting. 
Interlocking cogs, slot inserts, 
large nuts and bolts, connecting 
straws, popping tubes together 

Simple interlocking designs: snapping, screwing, press together, 
rods & connectors, notched logs  & nesting. 
Interlocking cogs, slot inserts, large nuts and bolts, connecting 
straws, popping tubes together. 
Tiny screws, nuts, bolts 

Materials 

Plastic or wood. 
Variety in materials, such as 
wheels, textures, miniature 
people, and model trees are 
appealing 

Plastic or wood. 
Variety in materials, such as wheels, textures, miniature people, and 
model trees are appealing. 
All-metal pieces. 

Motor Skills 
Required 

Children of this age have the 
fine-motor skills necessary to 
manipulate most interlocking 
designs. 

Children of this age have the fine-motor skills necessary to 
manipulate most interlocking designs. 
Small pieces present relatively little difficulty. 

Relevant 
Play/Behavior 

Construction play is a dominant 
activity. 
Has the fine-motor skills 
necessary to manipulate most 
interlocking designs. 
Lacks the cognitive ability to 
follow model kit assembly 
directions. 
Enjoys realistic-looking 
materials for their creations 

Finds building with interlocking pieces highly interesting, much more 
so than non-interlocking building sets. 
Has the fine-motor skills necessary to manipulate most interlocking 
designs. 
Has cognitive abilities to follow directions & step sequence in model 
kits. 
Enjoys realistic, detailed models & theme/movie based kits. 
 
 

Smaller interlocking bricks 
Notched logs 
Sets using rods/dowels and spool-like connector pieces 
Large nuts & bolts 
Sets using irregularly shaped or swiveling connector pieces. 
Sets that build realistic, detailed, or transforming models. 
Sets that teach concepts of simple machines like wheels & axles, 
gears, levers, and pulleys. 
 
 

Examples of 
Toys 

Smaller interlocking bricks 
Notched logs 
Sets using rods/dowels and 
spool-like connector pieces 
Large nuts & bolts 

Snap-together model car kits 
Small nuts, bolts, & screws 

Cement-based model car kits 
Small nuts, bolts, & screws 

* The most influential characteristics for these toys   
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The CPSC states that “by the time children have reached these ages (6 through 8), 

they have developed the cognitive abilities to follow directions and to understand step 

sequences, so working on model kits is appropriate" (Smith, 2002, p. 63).  Although young 

children may have the ability to follow assembly directions (Copley & Oto, 2000; Murphy & 

Wood, 1981), what are the necessary characteristics of instructions to facilitate their 

understanding?  Conversely, what false assumptions are designers making about graphic 

literacy in children?  What are the consequences for child users? The CPSC strives to address 

the design of generalized instructions with a document entitled Developing Consumer 

Product Instructions (2003) which focuses primarily on text-based instructions and warnings.  

However, it provides little concrete guidance for pictorial procedural instructions. 

2.3. Graphic communication 

It would be difficult to accurately and concisely convey a spatial assembly task 

without using graphics as an information carrier.  Knowledge of the language and structure of 

graphic communication is important for understanding individual graphic design choices and 

their interrelationships.  Very often, changes in one graphic variable will affect others and 

greatly affect the usability of the instructions.  One repeated criticism of research into 

pictorial procedural instructions is that the pictures used have not been described in sufficient 

detail to allow for proper generalizations and application.  To describe graphics as completely 

as possible, one must understand the dimensions, syntax, and framework of the graphical 

information space.  Efforts toward that end are described in the following section.  

2.3.1. Taxonomies of graphic communication 

Several authors (Twyman, 1985; Van Der Waarde, 1999) have proposed taxonomies 

of graphic communication, but most purport that it is a challenging, and perhaps undoable 

task.  Although the approaches may not be indisputable or exhaustive, they are still useful for 

demonstrating the holistic approach that is necessary with graphic communication. 

Twyman found that linguists separate language into spoken and written 

communication while graphic designers divide it into verbal and pictorial components.  He 

proposes merging the two approaches by utilizing channel as a top level division that includes 

aural and visual channels.  The visual channel includes graphic communication which is 
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further broken down into verbal, pictorial, and schematic modes.  Schematic modes are 

graphics that are neither words, numbers, nor pictures and can include symbols or arrows.   

Twyman proposes a general framework for graphical communication (given in left-

most column of Table 2) and shows how those elements drive decisions related to pictorial 

language (given in top row of Table 2).  These relationships are discussed in detail in his text, 

but the most relevant aspects are presented in tabular form in Table 2.  The purpose, 

information content, configuration, mode, production means, available resources, user 

characteristics, and environment must each be carefully considered when making design 

decisions. 

 

Table 2. Twyman’s (1985) Operational Framework For Graphical Communication  

 Aspects of pictorial language 
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A Purpose ● ● ●● ● ● ● ● ●  
B Information content ● ● ●● ● ●● ● ●● ● ● 

C Configuration – ways of organizing 
graphic elements of language spatially   ●  ●  ●  ● 

D Mode – verbal, pictorial, schematic, or 
a mixture of two or more of them   ●  ●  ●   

E Means of production – hand 
produced to computer-controlled   ●  ● ● ●● ●  

F Resources – available skills, facilities, 
funds, and time   ●● ● ● ● ●   

G Users – age, abilities, training, 
interests, previous experience  ● ● ● ●  ●  ● 

H Circumstances of use – e.g. stressors  ● ●● ● ●  ● ●  
Note:  ● somewhat relevant    ●● very relevant 
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A few of Twyman’s aspects of pictorial language are described in more detail here.  

Synoptic images are a single unified picture (e.g. exploded diagram) while composite pictures 

are made up of discrete components (e.g. step-by-step).  Twyman relates graphic 

configurations to schemas and notes they may range from pure linearity to complete non-

linearity with many other configurations between.  Linear interrupted is the style used with 

multi-line comics and runs left-to-right, then top-to-bottom.  Verisimilitude refers to the 

degree of realism that is present.  Graphic variables can include shape, scale, color, 

orientation, location, and texture.  Time can be depicted with a sequence of still or moving 

pictures.  Cross-cultural perception is important because cultural influences can affect the 

way in which people read and perceive pictures.  Twyman does include other aspects of 

pictorial communication in his writing; however they are purposely not included here as they 

have little direct application to the domain of pictorial instructions. 

Van Der Waarde’s (1999) research into the design and use of paper medicinal inserts 

led to the development of a framework for characterizing graphical presentation (see Table 

3).  The author uses the structure to describe concordance (relationship between graphic 

presentation and intended information content) and suitability (relationship between graphic 

presentation and actual use of the information) of graphically presented information.  It 

stresses the importance of the relationships among graphic components.  For instance, 

separation distances can communicate degree of connectedness; prominence describes a 

hierarchy of information and focuses attention; similarity can show functional sameness; and 

sequential layouts can suggest an order. 

While Twyman and Van Der Waard have made contributions to an understanding of 

the problem space of graphical communication, both have expressed frustration at the futility 

of developing a comprehensive framework.  However, their efforts clearly show the vast 

number of design decisions to be made, the influences to be considered, and the syntactical 

meanings implied by such decisions.  One must be aware of the interrelationships too when 

designing pictorial instructions for consumer use or as the subject of research. 
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Table 3. Framework For The Description Of Graphic Presentation 
 (Van Der Waarde, 1999) 

Level 1.  Graphic components 
A Verbal components – all meaningful marks that can be pronounced 
B Pictorial components – all meaningful marks that can be seen as a picture 

C Schematic components – all single meaningful marks that cannot be seen as either verbal or 
pictorial 

D Composite components – inseparable configurations of verbal, pictorial and schematic 
Level 2.  Relations between graphic components 
A Proximity relations – implying informational connection or separation 
B Similarity relations – implying functional connection or separation 
C Prominence relations – implying hierarchical (status) differences 
D Sequential relations – implying sequence of information 
Level 3.   Global graphic presentation 
A Consistency 
B Physical features 
C Aesthetics 

Easterby(1984) proposes a model of the interaction between message attributes, 

psychological processes, and user attributes that is shown in Figure 2.  The choices that are 

made regarding readability, legibility, and conspicuity/graphic design of the message are 

subject to the user’s ability to detect, identify, recognize, and comprehend the message.  

These psychological processes are moderated by the user’s motivation level, literacy 

(including graphical literacy), and past experiences.  Easterby’s (1984) moderating user 

attributes correspond to Bandura’s (1993) concept of self-efficacy, or belief in one’s ability to 

exert control and manage tasks and events.  He notes that self-efficacy can affect motivation, 

feelings, thoughts, and behaviors.   

2.3.2. Approaches to generating instructions 

Instruction design approaches fall into some combination of three basic categories: 

expert design, user-centered design, and guidelines and heuristics.  Instructions may be 

designed by experts who may or may not incorporate available research or guidelines 

(Bonner, 1998).  These designers are often only expert in a select area such as graphic design, 

psychology, technical writing, or perhaps human factors or ergonomics.  A better approach to 

design is for experts from a variety of fields to work collaboratively, enlisting the combined 

benefits of multiple areas of expertise.  For instance, when designing for children, it is 

recommended that designers and psychologists work with teachers (Frascara, 1984) for 

maximum results. 
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Figure 2. Relationship between printed message attributes and  
user attributes (adapted from Easterby, 1984). 

 

There are many ways to incorporate users into the design process.  See Sanders 

(1996) for an overview.  Participatory design (Schuler & Namioka, 1993) has users 

contribute, especially in early phases, to the design of a product (or instruction set) to help 

ensure it meets their needs.  Focus groups and surveys can involve users by soliciting ideas, 

input, and feedback, although actual performance data cannot be gathered.  Traditional 

iterative usability testing uses specific predetermined measures such as performance and 

satisfaction to determine if benchmarks have been met (for more information see section 2.6).  

Agrawala et al.(2003) utilized a user-centered approach in their study.  They showed 

that a group of users was successful in rank ordering instructions based on predicted 
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effectiveness.  Although users may not possess the experience or skill to generate an optimal 

set, they appear to be quite capable of identifying effective instructions.  The question 

remains whether they can recognize or describe the attributes of effective instructions. 

Guidelines can provide a useful starting point for design.  Applying guidelines to a 

product is called a usability audit (Nemeth, 2004).  Guidelines exist for printed educational 

materials (Bernier, 1996) and consumer products instructions (Smith, 2003), but few 

guidelines exist for purely graphical instruction.  In addition, as stated previously, designers 

are often reluctant to consult and incorporate guidelines because they are often too general or 

contradictory.   

A mathematical approach to instruction generation was used by Agrawala et al. 

(2003), who developed a program that incorporated algorithms used in robotic assembly 

planning and automated presentation design.  They generated assembly instructions based on 

characteristics of the assembly such as hierarchy of parts, operations, orientation, visibility, 

separation, blocking, part significance, grouping, interference, repetitive operations, 

reorientation, stacks, guidelines, colors, and rendering.  While the paper suggests the program 

successfully met their stated objectives such as all added parts must be visible, groups of 

parts should be added together, etc., there was no final usability testing described to verify 

that these guidelines were indeed effective as a whole. 

Each approach -- expert-based, user-centered, and guideline driven -- is useful for 

identifying components of an optimal set of design features.  Figure 3 shows that when used 

in concert, the optimal design can best be obtained with a combination of expert design, user-

based design, and guidelines in an iterative nature.  Because consumer product manufacturers 

are subject to such time and budget pressures, the use of guidelines can be a cost-efficient 

way to enable designers to start from a solid design prior to bringing in users for individual 

testing.  Depending purely on expert opinion is risky because expertise is needed from a 

variety of areas such as graphic arts, human factors, and perhaps education (Wright, 1999). 
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Figure 3.  Three approaches to designing instructions. 

 

2.4. Analysis of the object assembly process 

Assembly instructions cannot be studied without a full awareness that characteristics 

of both the object and assembly procedure impact the outcome.  Well-designed instructions 

cannot fully compensate for a difficult procedure, complex components, or tedious 

fastenings. 

Several approaches are available to model, evaluate, and compare assembly 

processes.  Task difficulty is determined collectively by the procedure, instructions and the 

object as well as the correspondence among them.  Prabhu et al. (1995) found predetermined 

motion time (PMT) analysis was insufficient to predict assembly times for products that had 

similar parts but varied in structure and complexity.  PMT breaks tasks down into basic 

physical elements such as reach, grasp, move, regrasp, and release and adjusts for distances 

and difficulty levels.  PMT consistently underestimated the time required for assembly, 

suggesting that other elements, such as cognitive processes, related to the assembly difficulty. 

Shalin, Prabhu and Helander (1996) provide a good overview of representational 

models for manual assembly.  They suggest that in addition to PMT analysis, one may apply 

models from information theory including signal detection theory, information theory, and 
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the power law of practice.  Symbolic computational models can simulate cognitive elements.  

The choice of method depends largely on the goal of the analysis, such as examining error 

rates, decision time, or cognitive processes. 

Richardson, Jones, & Torrance (2004) developed a formula to predict assembly task 

difficulty based on physical characteristics of the assembly which was correlated with 

subjective ratings of difficulty.  They propose that even when instructions are well designed, 

some assemblies are still more difficult to complete which suggests that inherent task 

variables may account for the differences.  Four basic assembly tasks were identified: (1) 

selection of next component, (2) orientation of component for positioning, (3) positioning 

component for fastening, and (4) fastening component.  From these, seven task variables 

were derived: (1) selections – number of remaining parts to choose from, (2) symmetrical 

planes – in x, y, z planes, (3) number of available fastening points, (4) number of fastenings 

in a step, (5) number of components, (6) novel (vs. repeat) assemblies, and (7) component 

groups or subassemblies.  Among these task variables, Richardson et al. found a significant 

increase in subjective difficulty rating with additional fastenings, higher number of 

component groups, and larger number of novel assemblies.  Oddly, difficulty ratings also 

went up with a reduction in total components, suggesting either an anomaly or that it is the 

number of unique components and not total components that influences difficulty. 

Clearly, manual assembly is a physically and cognitively complex task.  The 

instructions, process, object, and assembler each play a significant role in determining the 

resultant difficulty of the task.  The following section will address characteristics of the 

human assembler that may influence success, performance, and perceived workload. 

2.5. Individual differences related to assembly 

There are a number of individual characteristics that may influence a child’s skill and 

ability to interpret instructions as they were intended, assemble objects, and detect and correct 

errors.  Among these individual differences are age, gender, experience, and cognitive style. 

2.5.1. Age 

Young children are experiencing tremendous developmental changes that affect their 

assembly performance and use of instructions.  These shifts are due in part to changes in 
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processing capacity, strategy-making ability and planning functions.  As young children age 

and develop, there is a documented increase in processing speed and capacity of working 

memory, which is related to intelligence (Fry & Hale, 2000).  One could then expect a 

corresponding increase in assembly speed.  High-level executive functions of working 

memory begin to emerge around the age of eight or ten years, so prior to that time, children 

are less able filter out irrelevant stimuli (Hale et al., 1997; Ridderinkhof & van der Stelt, 

2000).  This suggests that extraneous cognitive loads could affect younger children more 

significantly than older children who are better equipped to disregard it.   

Age-related differences have been found in performance measures and in strategies 

used to assemble objects.  Stufft’s (1988) results revealed significant decreases in assembly 

time among three groups of children from grades four, six, and eight.  Murphy and Wood 

(1981) looked at how children ages four- through eight-years-old used photos to help them 

assemble a wooden pyramid.  They found that while very few children assembled the 

pyramid in exactly the same way as depicted in the photos, the youngest children, ages four 

through five years were unable to complete the assembly at all.  The number of children who 

successfully assembled the pyramid increased with age.  They found that on average the five 

and six-year-olds performed the task as quickly as the six through seven, and eight-year-olds; 

however the six through seven-year-olds tended to follow the photographs more closely.  The 

eight-year-olds relied less on the photos but were more accurate, suggesting perhaps a more 

efficient processing of material in working memory.   

2.5.2. Gender 

The literature presents conflicting evidence about the effects of gender on assembly 

performance.  Murphy and Wood (1981), in their study of assembly performance in 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 and error strategies caused them to complete the task either very quickly, or very slowly, 

while girls were more consistently reliable.  
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Two studies have found adult men to assemble more quickly than women.  In a study 

on the effects of kitting or grouping parts, Madan, Bramorski and Sundarraj (1995) found that 

men performed assembly tasks more quickly than women.  Baggett and Ehrenfeucht (1988) 

also found men completed the assembly in significantly less time; however, the men also 

indicated more experience with construction kits.   

Stufft  (1988) 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.  To further challenge the notion of 

gender differences, Murphy and Wood, although finding gender differences with instructions, 

found no such differences in assembly time without instructions.   

Some of the differences between the age and gender groups may be explained by 

various exposures to building experience.  Many building and construction toys have an 

obvious appeal to boys (robots, spaceships, cars), while fewer may be enticing to both 

genders (animals, roller coasters, houses), and only a small number are designed specifically 

for girls.  Based on the current literature, the effects of gender on assembly performance and 

strategy, and the interaction with age, is difficult to predict and interpret. 

2.5.3. Experience 

Two types of experience can be applied to the domain of assembly from instructions.  

The first is domain experience, such as being familiar with an object’s unique components 

and the ways in which they fasten.  This type of knowledge can reduce intrinsic cognitive 

load.  The second type is graphical literacy, or exposure to and understanding of various 

graphical representations and conventions, such as arrows indicating direction or rotation.  

This can serve to reduce extraneous cognitive load. 

According to Cognitive Load Theory (see section 2.7.1), as people gain experience, 

they are able to create or adapt schemas, which in turn, reduces the load on working memory 

and improving performance due to automaticity or subconscious processing.  This has been 

supported by Hegarty and Just (1989) who found that high-ability workers, based on scores 

on a test of mechanical ability, were better able to encode information from a mechanical 

diagram than low-ability participants.  Those more experienced with electrical circuits 
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demonstrated a decreased reliance on text, in a text-with-diagram presentation, as compared 

to less experienced participants (Kalyuga, Chandler, & Sweller, 1998).   

2.5.4. Cognitive style and ability 

From a human factors perspective, it is important to recognize and design inclusively 

for differing cognitive styles.  These factors cannot be controlled when designing for a 

general population of children.  Instructions should follow principles of universal design and 

recognize and accommodate cognitive differences as much as possible. 

Cognitive style refers to an individual’s ways or modes of problem solving while 

cognitive ability relates to a theoretical maximum potential achievement level.  Several 

researchers have looked at the relationship between cognitive style/ability and assembly 

performance.  Stufft (1988) incorporated a measure of field independence and field 

dependence (Witkin, Moore, Goodenough, & Cox, 1977) in his comparison of composite and 

sequential instructions and found that children who were field independent (upper quartile on 

Group Embedded Figures Test) completed the task in significantly less time and with fewer 

errors than those who were field dependent (lower quartile).  Field dependence is 

characterized by taking a holistic or global view thus details are more difficult to extract.  

Field independent individuals can more easily isolate individual parts and impose a structure 

on unstructured materials.  Children who were field dependent did much better with the 

sequential presentation, while the field independent group was not affected by presentation 

type.  Any assembly diagram requires users to extract relevant information, which Stufft’s 

findings indicate is easier for those who are field independent. 

 Relationships between measures of spatial working memory and assembly 

performance were mixed.  Morrell and Park (1993) found results from a spatial working 

memory task to be a significant predictor of assembly performance in adults across all 

presentation formats – text, text with pictures, and pictures only.  The spatial working 

memory task required participants to determine if abstract shapes were identical while 

simultaneously remembering the positions of lines in a matrix that contained the abstract 

shapes.  Measures of verbal working memory and reading comprehension were only relevant 

in conditions that utilized text.   
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 Kahn  (1999), in his experiences in designing and testing a visual child-oriented 

programming language, encountered many different strategies in a child’s learning style.  He 

found that some strive to understand and plan before trying a task, while others intersperse 

planning, building, and testing.  These varying approaches could have an impact on a child’s 

assembly performance. 

2.5.5. Other factors 

Many other influences, perhaps some yet undiscovered, may affect performance with 

procedural instructions.  Increased motivation may prime the user to pay closer attention to 

the instructions (Frascara, 1984).  The pictorial instruction itself can serve as a motivator by 

drawing attention to relevant portions and focusing the user’s attention.  

Cultural differences may also impact the understanding of pictorial instructions 

(Horton & Aykin, 2005).  For instance, graphics commonly used in western nations to imply 

path of motion or multiple positions are not universally recognized or understood in other 

cultures across the world (Perkins, 1980).  The right-to-left reading patterns used by some 

may clash with western reading conventions of top-to-bottom, left-to-right. 

Designers are cautioned that when creating instructions, they are liable to base 

decisions on their own experiences and cultural background, making assumptions about users 

that result in an inherently biased design.  It is critical that designers assess instructional 

materials with representative users to refine the design so it is effective for the vast majority 

of intended users.  The testing procedures are the subject of the next section. 

2.6. Usability testing 

Usability testing is a type of usability assessment characterized by a series of studies 

using human participants, conducted throughout the product design cycle, that is used to 

identify problems and areas for improvement (Nemeth, 2004).  It is commonly associated 

with software and hardware interfaces, but the methods can also be applied to printed matter 

and non-computer products (Dumas & Redish, 1993).  In addition to usability testing, other 

usability assessment methods include participatory design, expert evaluations, focus groups, 

surveys, and usability audits. 
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Time is a critical factor in consumer product development, so usability assessment 

must be quick and efficient (Sanders, 1996).  Fortunately, a variety of approaches can be used 

alone or in concert to meet specific outcome needs.  Rosenbaum and Chisnell (2000) reported 

on three case studies that supported their hypothesis that regardless of time or budget, the best 

approach to usability is to use a combination of methods such as heuristic evaluation, 

laboratory testing, ethnographic interviews, contextual inquiry, group interviews with experts, 

participatory design, and field studies.  They stressed the importance of studying target users 

in the context of the work environment in which they would encounter the product of study.  

Rosenbaum and Chisnell concluded that qualitative ethnographic methods were helpful in 

gaining knowledge about needs and difficulties of populations that were not well understood 

by testers/researchers. 

Usability testing may incorporate any of four approaches: co-discovery using two 

participants at a time, active questioning of participants, neutral approach where participant is 

merely watched, or retrospective review in which participants watch a video replay of their 

performance and reflect and respond to questions (Nemeth, 2004).  Exploratory usability 

testing, designed to uncover problems, generally uses an active monitor who employs verbal 

protocol analysis to understand the user’s thoughts and choices.  This is an especially good fit 

with children, who are typically unaccustomed to working in complete isolation, and who 

may need gentle encouragement to stay on task.  

Nemeth (2004) outlines the traits of good usability testing: reliable and repeatable, 

valid, counterbalanced to reduce learning effects, adequate numbers of participants, 

consistent test sessions, objective, and appropriate in duration.  Dumas and Redish (1993) 

recommend a minimum of two people in a usability test group – a usability specialist and 

product specialist.  They also suggest using the same observer for all sessions of a study to 

reduce differences in subjective evaluations.  The observer/monitor has an important role and 

“to optimize the potential for discovery, the monitor will typically be encouraging but will 

not reveal any thoughts about the problem or how to solve it" (Nemeth, 2004, p. 273).  

Methods for encouraging children without biasing their responses or actions are discussed in 

section 2.6.3. 
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2.6.1. Think-aloud protocol analysis 

When studying the interpretation and use of instructions, it is important to obtain 

real-time feedback of the user experience and to determine where mental models coordinate 

with or conflict with instructions.  To accomplish this, users are often asked to talk through 

an assessment task using think-aloud methods, which Nielsen (1993) identifies as the most 

valuable usability engineering tool.  It involves recording, transcribing, and analyzing verbal 

protocols.   

There are three general types of verbalizations (Ericsson & Simon, 1993).  Level 1, 

talk-aloud, asks users to express whatever words they are thinking, as they are thinking.  This 

has not been found to slow people down or affect their thinking.  Level 2, think-aloud, is used 

with non-verbal tasks such as spatial exercises like assembly tasks, in which the users have to 

translate thoughts into words.  This does not change thinking or strategies, but can slow users 

down.  Level 3, mediated processes, adds a level of complexity by having the user only talk 

about particular types of events.  This filtering process slows users down and changes their 

thinking.   

Van Kesteren et al. (2003) compared methods for obtaining verbal comments about 

an interactive toy from children ages six through seven-years-old using the following six 

approaches: usability testing, co-discovery, peer tutoring, concurrent thinking aloud, active 

intervention, and retrospection.  The largest number of comments was obtained using active 

intervention, in which the researcher posed questions throughout, designed to solicit a 

person’s plans and evaluation.  The retrospective condition showed that children were able to 

thoughtfully and accurately answer questions while reviewing a videotape of their interaction.  

Answers in the retrospective condition tended to be longer and revealed higher level 

strategies than in concurrent think-aloud.  Although the participant pool was small with only 

two or three children per condition, results did suggest significant individual differences in 

the number or comments made with shy, reserved children naturally speaking less. 

Some research shows that for adults, retrospective thinking-aloud should be 

considered in conjunction with, or even in place of concurrent think-aloud.  However, in 

children, the additional information gleaned from retrospective versus concurrent thinking 

aloud is not well understood or documented.  Meta-cognitive skills and higher-level executive 
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thinking does not appear until about ages eight through ten years (Hale et al., 1997).  The 

benefits of retrospective techniques must be weighed against the cost of longer or additional 

sessions with children who have shorter attention spans.  Regardless, a few studies of 

retrospective thinking-aloud using adult participants are reviewed here for completeness. 

Adults in a software usability test produced more high value information with 

retrospective thinking-aloud than with concurrent thinking-aloud (Ohnemus & Biers, 1993).  

In addition, there was no difference in the verbalizations and quality between two 

retrospective conditions – immediate post-task and 24 hour delay.  Lastly, performance and 

subjective task ratings were not found to be different among the three conditions (concurrent, 

retrospective immediate and retrospective delayed) suggesting that the concurrent think-aloud 

does not impact performance or ratings.  This study differed from Van Kesteren et al.’s first 

because it used adults, and secondly because it more formally measured the value of 

comments. 

Page and Rahimi (1995) recommended using both concurrent and retrospective 

verbal reports, supporting the findings of Ohnemus and Biers and Van Kesteren et al.  They 

found that certain kinds of statements and information are more prevalent in each type of 

report, and that the retrospective reports provide more useful data than when the investigator 

makes assumptions based on the concurrent feedback. 

Hanna, Risen and Alexander, in their experience performing usability testing with 

children, note that children ages 6-10 are relatively easy to work with (1997).  They are 

generally able to sit and take direction, are not self-conscious about being observed, do well 

answering questions thoughtfully, and are willing to try new things.  While children ages six- 

and seven-years-old tend to be shy or inarticulate, they find that ten-year-olds can provide 

good critiques.  These findings suggest younger children could be more reluctant to think 

aloud.  

 Shalin et al. (1996) caution that verbalizing manual assembly knowledge can be very 

difficult to do well and completely.  They provide a brief overview of some research that 

demonstrates that humans have difficulty reporting on their own mental processes.  Others, 

however, propose that self-observation can be learned. 



29 

Special precautions must be taken to make a child participant comfortable with 

speaking out-loud to an adult researcher, when the balance of power is tipped dramatically in 

favor of the researcher (Fraser, Lewis, Ding, Kellett, & Robinson, 2004; Punch, 2002).  

Researchers must be aware of not imposing their own assumptions about the children’s 

abilities and feelings.  Children strive to please adults/researchers (Markopoulos & Bekker, 

2003).  We have all been children, but by no means have we all had the same childhood and 

experiences. 

Children may face a great deal of stress and uncertainty during a usability session.  

“Children must do more than interact with technology during evaluation, they must adapt to a 

testing environment, interact with the facilitator, follow processes, and contribute to the 

evaluation by reporting on their experiences" (Markopoulos & Bekker, 2003, p. 228).  As the 

researcher, it is critical to minimize the stressors and allow children to focus on the task at 

hand.  The next section provides suggestions for making children comfortable and at ease in a 

testing situation. 

2.6.2. Adapting usability methods to children 

Researchers in human-computer interaction have found that traditional adult-based 

usability testing methods can be readily adapted for children.  Many of the recommendations 

relate to modification of the set-up and introductory activities.  The actual testing procedure 

need not vary much, other than adjusting for the attention span and inclusion of methods for 

redirecting the child back to the task.  The following page (Table 4) shows a compilation of 

guidelines for working with children from a range of experts in psychology and human 

factors. 



 

Table 4.  Recommendations for Usability Testing and Studies with Children 

General 
• Have a separate area for siblings (Hanna et al., 1997) 
• Have activities available to keep children busy when not testing (Druin, 2002) 
• Use informal language (Druin et al., 1999) and language appropriate to the age of the 

child (Kellett & Ding, 2004) 
• Wear informal clothing (Druin et al., 1999) 
• Sit, do not stand (Druin et al., 1999) 

Planning 
• Plan on about an hour for kids 6 and up (Hanna et al., 1997) 
• Provide a break if session is over 45 minutes (Hanna et al., 1997) 
• Make the session relevant and interesting - attention span is related to content as well 

as interface (Brouwer-Janse et al., 1997) 
 

Setting the tone and expectations 
• Use an object as an icebreaker (Druin et al., 1999) 
• Tell child what is expected of him or her (Hanna et al., 1997) 
• Provide a lab tour to help gain the child’s trust (Hanna et al., 1997) 
• Place limits on behavior; tell child expectations for behavior (Stone & Lemanek, 1990) 
• Have parent introduce young child first, researcher second (Stone & Lemanek, 1990) 
• Start with small talk, scripted introductions (Hanna et al., 1997) 
• Be careful with word “test” (Hanna et al., 1997) 
• Provide motivation and tell children how important their help is (Hanna et al., 1997) 
• Identify and communicate role of researcher – friend, teacher, authority, etc.  (Kellett & 

Ding, 2004) 
 

 

Environmental considerations 
• Have someone in the room with children under 7 or 8 (Hanna et al., 1997) 
• Collect data in the user’s own environment such as home or place of activities 

(Druin et al., 1999) 
• Make the lab child-friendly (Hanna et al., 1997) 
• Use unobtrusive lab equipment and small microphones (Hanna et al., 1997) 
• Be aware that video may cause children to perform, and can be difficult to use if 

children are moving around (Druin et al., 1999) 
 

Interviewing 
• Have 1 researcher, 2 notetakers (Druin et al., 1999) 
• Use small note pads (Druin et al., 1999) 
• Use less formal interview style (Druin, 2002) 
• Use active intervention to solicit the most comments (van Kesteren, 2003) 
• Use retrospective reviews to solicit more strategy-related information  (van 

Kesteren, 2003) 
• Prepare scripts of hints for various levels of support (Hanna et al., 1997) 
• Use redirection to get children back on task (Hanna et al., 1997) 
• Provide generic positive feedback (Hanna et al., 1997) 
• Avoid constant eye contact (Merrell, 2003) 
• Break a long silence, which can be anxiety-provoking, with neutral statements 

(Boggs & Eyberg, 1990) 
• Avoid repeating questions which can cause children to think they have given an 

incorrect answer (Kellett & Ding, 2004) 
• Make the task meaningful to the child (Kellett & Ding, 2004) 
• Take an active role with the interview structure in response to the child’s behavior 

and responses (Stone & Lemanek, 1990) 
• Maintain neutral attitude toward responses (Stone & Lemanek, 1990) 

 
Interpretation 
• Watch what children do as well as listen to what they say - children do not always 

say what they mean. (Brouwer-Janse et al., 1997) 
• Gauge enjoyment by observable signs of smiling or leaning forward  (Hanna et al., 

1997) 
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2.6.3. Interviewing children 

It is important for the facilitator, monitor, or researcher to have good communication 

skills for child interviews including giving timely and appropriate responses to keep the child 

on task, encouraged, and unbiased in his or her responses.  Boggs & Eyberg (1990) give 

examples of neutral statement types that can be used during the assessment to encourage 

children: 

Statement Type Example 
Acknowledgement "Mm-hmm", head nod 
Descriptive statement "You look like you are working very hard on that" 
Reflective statement   "So you are trying to find that part" 
Praise statement "You're doing a great job of focusing on this." 
Question "What do you think these arrows mean?" 
Command "Tell me more about what you did." 
Summary statement  "So we've put one toy together and rated the 

instructions, now we'll take a break and come back to 
work on the next toy." 

 

Another source of information regarding interviewing children comes from those 

working with young child witnesses in the legal system.  Thoughtful, deliberate interaction is 

needed to minimize biases and suggestibility.  Imhoff and Baker-Ward (1999) have studied 

various interviewing techniques when working with preschoolers and found that with the 

youngest it is important to use language that is age-appropriate, easy to understand, and 

avoids embedded clauses and definite articles.  Their review of literature noted several 

suggestions including being careful to make obvious transitions between topics, a potential 

source of difficulty for young children.  In their research, they found that interviewer 

supportiveness such as warmth and positive feedback as compared to a more neutral state did 

not affect accuracy of the child’s response.  Although their target age range is younger than 

those proposed for this study, their findings do reinforce the importance of being simple, 

clear, and explicit with children. 
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2.6.4. Subjective evaluations 

In addition to performance measures, usability testing can benefit from subjective 

evaluations of workload and fun.  However, the ability of a child to provide self-reports on 

feelings and perceptions depends greatly on cognitive and emotional development.  Although 

an increasing number of self-report instruments are being adapted to children, they are not 

often tailored to children of specific age groups, which can vary dramatically in their 

characteristics and responses. 

Children move through three levels of general emotional development: (1) external, 

in which emotions are identified by expressions and situations; (2) mentalistic, when children 

understand that desires and beliefs affect emotion; and (3) reflective, when they understand 

mixed emotions and different perspectives (Pons & Harris, 2004).  

Stone and Lemanek (1990) describe children ages 4 through 6 as thinking in 

extremes as all-or-none.  For instance, they may describe people as all smart or all dumb.  

The authors suggest that not until approximately age ten do children understand that you can 

simultaneously be smart in some areas, and not-so-smart in others.  Children ages four 

through six years pick up emotional cues from facial expressions and situations.  They also 

tend to overstate their abilities.  Older children, seven through eleven years, begin to 

understand that a person may look one way (happy), but feel another (sad).  Happiness, the 

earliest recognized emotion, can be identified from facial expressions by four or five years of 

age.   

Stone and Lemanek, in their review of related literature, make several 

recommendations pertaining to the design and administration of self-report instruments.  

They recommend reading the instruments out loud to pre-K and elementary-aged children.  

They suggest keeping in mind that young children are predisposed to affirmative answers for 

yes/no questions and that pictures seem to help focus attention and make questions more 

concrete.  Their reviews also show that children tend to select the last option presented, which 

can be somewhat overcome by repeating choices back in reverse order, using pictures cues, 

or asking children to rate the degree to which something is true. 
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Chambers and Johnston (2002) found that children ages 5-6 tended to rate social 

objective and subjective tasks at the extremes of a Likert scale, even when the situations were 

designed to rate in the middle range of the scale.  The phenomenon occurred less with 

physical objective tasks.  The number of choices/ratings had no effect.  Chambers and Craig 

(1998) found a child’s bias on one rating scale was carried into subsequent scales. 

Common rating-type self-reports used for children include Likert scales, which ask 

for degree of agreement with a statement and return ordinal data; visual-analog scales (VAS) 

which require a rating along a continuous line and provide interval data; and the Faces-Pain 

scale in which the child selects the facial expressions that correspond to their level of pain.  

The research has left it rather unclear as to which method is easiest for a child to use and is 

most valid.  Some favor VAS saying Likerts can be confusing (Kazdin, 1990) while others in 

pain assessment find the pictures used in the Faces Pain Scale provide the best data 

(Chambers & Craig, 1998).  Chambers and Craig found that with the Faces Pain Scale, 

referring to no pain as “no pain” or “happy” made no difference, suggesting that the format of 

the scale may be more important than the instructions.  They caution instrument designers to 

be clear in defining the construct of interest. 

There have been other approaches found in the literature, although there is no 

indication these have been tested and found to be significantly better or more valid.  One 

approach is to use a vertical scale with tic marks (as with a thermometer) with a happy face at 

the top, and a sad face at the bottom (Hanna, Risden, Czerwinski, & Alexander, 1999).  

Hanna et al. contend that the thermometer-like vertical scale was more meaningful and more 

reliable than horizontal Likert-type scales.  Another variation has the child put one, two, or 

three beans in a pot to indicate agreement (Kellett & Ding, 2004).  Lastly, children are able to 

sort cards with descriptors into boxes corresponding to how much the description is like them 

(Kazdin, 1990).  This could be extended to a rating system for instructions or other products.   

The choice of subjective ratings instrument is difficult and is affected by the 

characteristics of the child, construct, and task.  The literature is plentiful, but inconclusive.  

It is difficult to know if and how scales have been validated. 



 

 34 

2.6.5. Importance of fun and engagement in children’s products 

Human factors has historically focused on system effectiveness and efficiency but 

international usability standards also call for the inclusion of satisfaction measures.  

Satisfaction includes a component of fun for many products, and fun is a construct that 

children understand well.  A focus on fun and engagement is a necessary shift as human 

factors professionals play an increasingly significant role in the design of consumer products 

(Brouwer-Janse et al., 1997; Hanna et al., 1999; Paas & Van Merrienboer, 1993; Sanders, 

1996; Teague, 2003; Teague & Whitney, 2002).   

Jordan (1999) borrowed from Maslow’s Hierarchy of Needs (Maslow, 1943) and 

identified three levels of human factors needs: Level 1 – functionality; Level 2 – usability; 

Level 3 – pleasure.  He further identified four types of pleasure: socio-pleasure – from being 

with others; psycho-pleasure – from achieving a goal; ideo-pleasure – from aesthetics; and 

physio-pleasure – from the senses.  Without functionality and usability there can be no 

pleasure.   

Hauge-Nilsen and Flyte (2002) used focus groups to generate pleasure-related terms 

regarding a nutcracker.  These terms were put in questionnaire format to determine which 

were most strongly associated with pleasure.  They are as follows, in order, beginning with 

that most strongly linked to pleasure: effective, comfortable, satisfying, controllable, exciting, 

safe, pleasant, functional, fast, practical, complete, attractive, and amusing.  When analyzing 

consumer comments about building toys, Martin and Smith-Jackson (2005) found the words 

engaging, educational, challenging, fun and clever were used most frequently to describe 

highly-rated toys.   

Read, MacFarlane, and Casey (2002) propose that fun is comprised of the qualities of 

expectation, engagement, and endurability.  Loosely translated, do children expect it will be 

fun, does it continue to be fun, and would they do it again?  Reported fun can be greatly 

influenced by one’s prior expectations of fun.  The authors found that 96% of children 

reported actual fun to be within one point of predicted fun (on a five-point Smileyometer).  

The Smileyometer, with two frowns and three smiles ranging from awful to brilliant, was 

found to be interchangeable with a Funometer, a vertical VAS anchored by smiley and 

frowny faces.  A Fun Sorter (see Appendix K) allowed children to rank order activities based 
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on selected constructs like most fun or easiest.  Read et al. determined that engagement, as 

measured by behavioral cues, was not very useful or revealing.  Endurability, or the ability of 

an activity to attract repeat participation, was measured simply with an Again-Again table 

(see Appendix J) that poses, would you like to do this again?  The child may chose among 

yes, no, or maybe. 

2.6.6. Selection and number of participants 

Adults are sometimes asked to evaluate products intended for children, rather than 

asking children, with their unique characteristics and experiences, to speak for themselves  

(Smith-Jackson, 2002).  Adults can not discover all the usability problems that children will 

encounter (Hanna et al., 1997).  Researchers have long understood the importance of using 

participants who are representative of the intended population (Fleming et al., 1997).  

Identifying an adequate number of usability participants has been the subject of much 

research and discussion, but virtually all has focused on adults.  It may provide a useful 

starting point and is discussed here. 

When the purpose of usability testing is primarily to discover problems, the optimum 

number of participants is often estimated by the number or percentage of problems the tester 

wishes to uncover and the required confidence level he/she needs that a threshold number of 

issues have been found.  One can estimate the number of participants needed (n) from the 

probability of detecting a given problem (p) and desired confidence interval: 

 
(Virzi, 1992) 

For instance, to be 90% confident of finding problems that 10% of people will have, 

a minimum of 22 participants are required.  However, Virzi cautions that based on his 

research, this formula will slightly underestimate the correct number of test users. 

In practice, Virzi found that 80% of usability problems are detected with four to five 

participants.  Subsequent participants may yield additional problems, but each additional 

participant provides diminishing returns.  Other recommended minimums from the literature 

are 3-5 (Adams, 1999) to 8 (Dumas & Redish, 1993) individuals.  Alternatively, Virzi 

confidencep n =−− )1(1
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suggests that the usability practitioner may want to add participants to the study until some 

low number of new problems are identified with the addition of each subsequent participant.  

Suggested minimum participant numbers may not provide adequate power for 

generalizing to the larger population and identifying differences between user groups.  Adams 

suggests that it is difficult to determine mathematically a priori how many participants will 

be needed for outcome testing but offers that as many as 20 or more per group could be 

appropriate.   

When the purpose of usability testing includes inferential statistics, one can estimate 

required participant numbers with the tools of statistical power analysis.  Cohen’s d (Cohen, 

1988), effect size, can be estimated or calculated.  Published tables show necessary sample 

sizes for d at desired levels of α and power. 

2.7. Psychology and perception of instructions 

It is important to have a framework of constructs that may potentially impact 

usability in the child-task-instruction interaction.  Theories and research regarding Cognitive 

Load Theory, visual perception, memory, and workload are discussed in the following 

sections.  

2.7.1. Cognitive Load Theory 

Cognitive Load Theory (CLT) provides a model for the acquisition and application of 

knowledge as an exchange of information between working memory and long term memory 

(Marcus et al., 1996; Paas, Renkl, & Sweller, 2004; Sweller, 1994).  The capacity of the 

working memory is considered to be fixed, so cognition relies upon the formation and 

refinement of schemas in long-term memory that are transferred to working memory allowing 

multiple units of information to be combined into a single one for greater efficiency.  A 

schema for a cup, for example, enables people to recognize an object as a cup whether it is 

glass or plastic, has a stem or handle, is large or small.  The working memory is spared from 

having to encode it as a cylindrical glass drinking vessel with handle.  A schema is also used 

to manage the complexities of selecting and executing a football play.  CLT is based on the 

following principals: (a) short-term or working memory capacity is limited; (b) working 

memory can partially process verbal and visual information separately; (c) long-term memory 
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provides virtually unlimited storage for information; (d) knowledge is stored as schemas; (e) 

schemas are regarded as a single unit in working memory; (f) schemas may be automated so 

they are processed unconsciously; and (g) performance improves with additional schema 

development or the creation of higher-level schemas. 

CLT postulates that total cognitive load is equal to the sum of intrinsic, germane, and 

extraneous loads.  Intrinsic load refers to that imposed purely by the nature of the task at 

hand, independent of instruction method.  Extraneous load is related to the instruction format 

and includes information not directly related to the task or schema-building.  Germane load is 

brought about by the learner’s efforts to comprehend and make sense of the material.  

Germane load designates that which is used to form or enhance schema development as the 

user moves from novice to expert.  If total CLT exceeds working memory capacity, learning 

objectives are compromised as there are inadequate resources for schema development and 

refinement.  This phenomenon can be seen when students can solve problems from text books 

but cannot extrapolate their learning to real-world situations.  Ultimately, the goal is to 

minimize extraneous load, and focus on germane and intrinsic load, aiming for an optimal 

cognitive load that is neither under- nor over-loading the learner and leaves sufficient 

resources to facilitate learning. 

Marcus, Cooper, and Sweller  (1996) identify three impediments to understanding 

instructions.  Prior experience and characteristics of the learner affect whether or not an 

existing schema may be retrieved and applied to a set of instructions.  The nature and 

characteristics of the task, and whether multiple elements must be processed simultaneously, 

can affect success.  Lastly, the organization of the instructions is important.  For instance, the 

judicious use of graphics as an aid to learning can reduce total cognitive load. 

 Cognitive load that is germane for a novice may become noise or extraneous load to 

a more accomplished user.  Kalyuga, Chandler, and Sweller (1998) found that as people 

gained understanding of electrical circuits, they performed related tasks better when provided 

only with a diagram, as the text had become redundant, and thus extraneous.  This 

redundancy effect occurs when very similar information is provided in different forms.  The 

split-attention effect requires integration of information from multiple sources which imposes 

a heavy cognitive penalty as the integration is not part of the task, but required to understand 
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the problem.  Kalyuga et al. (1998) also determined that integrated text and diagrams better 

supported performance by novices as compared to a separate diagram and text or diagram 

only, lending support to the idea of split-attention impinging on intrinsic and germane loads.  

Other ways of addressing split-attention include using dual-modes such as verbal and 

diagrammatic information or by physically integrating information as Kalyuga et al. (1999) 

did by color coding portions of the text and diagram to physically link them.   

There are many human factors implications of CLT for the design of procedural 

instructions.  For instance, if text and pictures are used together, CLT suggests they be 

integrated to reduce extraneous load.  To minimize cognitive load, the assembly order and 

groupings used in the instructions should match the majority conceptualization (Baggett & 

Ehrenfeucht, 1988).  Section 2.9 discusses other design recommendations for reducing 

extraneous cognitive load. 

2.7.2. Measuring mental and cognitive load 

Human factors has typically focused on the construct of mental workload as the 

relationship of task demands to the available mental resources.  When an individual has 

insufficient resources for a task, performance will degrade as he or she slows down, makes 

more mistakes, or neglects portions of the task.  Mental workload addresses individuals 

unique responses to a task – how they perceive the workload, how their body reacts, and how 

they perform.  Mental workload is a manifestation of cognitive load, but they are not 

equivalent constructs.  However, theorists and researchers appear to have borrowed cognitive 

load measurement techniques directly from the human factors methods of mental workload 

(see similarities in Schultheis & Jameson, 2004). 

Mental workload can be measured in a variety of ways (Wickens & Hollands, 2000).  

Analytic approaches, such as equipment assessment, attempt to predict mental workload by 

evaluating the task difficulty, but they require making many assumptions about the task and 

user.  Performance-based measures focus on speed or accuracy on either a primary or a 

secondary task.  Secondary tasks such as tapping or reaction tests can indicate the available 

unused resources.  Psychophysical measures include body responses such as EEGs, EKGs, 

pupil size, and blink rate which can be monitored continuously, but may be intrusive and 

distracting.  In addition, the relationship of psychophysical indicators to mental workload is 
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not clearly established.  Subjective measures are often used and may require users to rate 

workload either during a task or afterward.  Two common subjective rating instruments used 

to rate workload include Subjective Workload Assessment Technique (SWAT) (Reid, 

Shingledecker, Nygren, & Eggemeier, 1981) and NASA Task Load Index (NASA TLX) 

(Hart & Staveland, 1988).  SWAT incorporates three 3-point scales addressing time load, 

mental effort load, and stress load.  Users perform a card sort to rank workload of all 27 

rating combinations to essentially build a 27-point scale from which overall workload can be 

estimated.  NASA TLX uses five 7-point scales including mental, physical and temporal 

demand, effort, performance, and frustration level. 

Paas and Van Merrienboer (1993) developed a method of combining subjective 

mental workload assessments with performance measures to derive a measure of efficiency.  

The underlying principle is that the lower the ratio between mental effort and performance, 

the better.  The authors, however, recognized a weakness with this approach which is that it 

assumes a linear relationship between mental effort and performance when in reality there is 

an upper boundary to the performance score. 

Workload instruments have been validated almost exclusively with adults.  The 

performance-based and subjective measures are perhaps the most applicable with children; 

however the evaluation instruments would require validation and/or modification.  For 

instance, young children are probably less equipped to estimate factors like time load which 

have little meaning or relevance for them.  The construction of the scales, such as anchors, 

orientation, and divisions may also be important (see section 2.6.4)  

2.7.3. Cognitive processing of images 

Graphics can reduce cognitive load by simplifying the complex, and making the 

abstract more complete (Winn, 1989).  They are concise, highlight important information, 

and make relationships explicit (Marcus et al., 1996).  When used in conjunction with text, 

diagrams can help depict spatial and visual properties, serve as a memory aid in support of 

the text, and provide new information not given in the text (Hegarty & Just, 1989).  However, 

graphics can also increase extraneous workload if they are designed or organized poorly.  The 

graphics may be so distracting as to require full allocation of processing resources simply to 

grasp their meaning. 
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Pillay (1997; 1998) provides an in-depth discussion of the cognitive processes 

involved in rendering and mentally manipulating a representation of an object.  A spatial task 

"involves complex cognitive activities such as integrating information from various sources, 

constructing meaning of abstruse elements in the graphical information, constructing hidden 

or obscured information, constructing and maintaining three-dimensional representations of 

the components and of the complete object, retrieving relevant schemas, 

encoding/constructing information from given spatial representations, and performing 

transformations on the representations" (Pillay, 1998, p. 4).  Working memory could quickly 

be overtaxed by these activities, reducing or eliminating resources available to understand 

and learn an assembly procedure.   

Pillay (1998) identifies three ways in which spatial information can be constructed 

and understood: (1) retrieving and adapting a previous mental representation, (2) constructing 

a new representation, or (3) directly encoding an external representation internally.  He found 

that encoding time, as measured by duration of looks, was lowest with a physical model 

followed by isometric then orthographic pictures.  This finding is consistent when analyzing 

the type of processing necessary for each model.  Physical models require encoding only, 

isometric models (showing all three planes at once) need additional interpretation to construct 

hidden lines, and orthographic models (showing two of three planes per drawing) require 

complex integration of the multiple perspectives. 

Hegarty and Just (1989) noted three types of inspections that are used when 

examining diagrams: (1) formation inspections to help generate an initial mental model, (2) 

reactivation inspections to help recall what has already been inspected, and (3) elaboration 

inspections which add new information to the model.  They found that with more descriptive 

text, users made more formation inspections, suggesting that the text supported the 

identification of relevant portions of the diagram.  Users with a lower mechanical ability 

made more formation inspections of the represented pulley system than higher-ability users. 

Discrete images can be used to imply a sequence of actions along a time continuum.  

Massrioni (2002) discusses the concept of cognitive drag that can serve to relate discrete 

images.  He demonstrates by showing a square, circle, and triangle placed adjacent to one 

another.  One sees little relationship among them, but with the addition of two additional 
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morphing shapes between each, one begins to see a transformation from square to circle to 

triangle and they become related through this process of cognitive drag.  Information from 

one image is mentally dragged onto the second and integrated with it.  Given sufficient 

persistence, the second image is perceived as a transformation of the first.  Cognitive drag 

provides economy in information processing.  Massrioni writes of an unpublished experiment 

in which adults were asked to estimate the total time elapsed during a sequence of 4 or 7 

images with the same start and end.  They estimated the 7-image sequence took longer than 

the 4 image sequence suggesting a constant temporal separation between images.  It is 

conceivable that with cognitive drag, a series of assembly images can be viewed more 

efficiently as a single object undergoing transformation rather than as separate, unrelated 

images.   

2.7.4. Visual perception in children 

Research on visual perception is largely focused on infants, with far less addressing 

school-aged children.  Vurpillot’s 1976 text The Visual World of the Child, although dated, is 

still often cited for its comprehensive review of the development of visual perception in 

children.  It yields relevant information related to how a child might view a page of pictorial 

instructions.  She indicates that dramatic changes take place in the visual perception of 

children between the ages of three and seven as the visual field expands, fixations quicken, 

spatial relationships are better understood, and more information is processed. Findings from 

Vurpillot’s work related to the design of instructions are presented here.   

Children make horizontal eye movements more easily than vertical eye movements 

suggesting that related graphics be placed next to each other rather than above or below.  

They also prefer the top of the visual field.  Children ages six through seven years are most 

systematic in employing a left-to-right, top-to-bottom search pattern.  After age seven, the 

pattern becomes more complex.   

At about age seven, children can perceive an object as both a whole as well as its 

parts.  Prior to this, they see an object as parts OR as a whole which could present a challenge 

in an assembly task.  Around age six, children can use a secondary level of perception in 

which they understand that a line or surface can belong to more than one part.  They are most 
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able to identify changes in form (triangle on base vs. point), followed by changes in absence, 

then size.  Changes in position are the most difficult for children to detect.   

Children can recognize images that are flipped vertically, around a horizontal axis 

(e.g. q and d) at about age six.  Not until approximately seven-and-a-half years can they 

recognize a horizontal flip, around a vertical axis (e.g. b and d).  When a square card is tipped 

45 degrees, only by eight or nine years of age did children recognize that it was still a square, 

the same size, and the same card.  The four- and five-year-olds did not agree that it was still a 

square, the same size, or the same card.  By 6 and 7, it was the same card and size, but no 

longer a square.  

Perkins (1980) provides additional insight noting children are comparable to adults in 

their ability to identify relative positions of objects in a picture such as near and far and in 

their understanding of perspective drawings.  However, most people, adults and children 

alike, had difficulty quantifying depth. 

Research on visual perception in young children may have significant implications 

for the design of pictorial instructions.  First, it appears that children can have difficulty 

perceiving rotated images as equivalent, particularly complex assemblies.  Because children 

have the most trouble recognizing changes in position, structural diagrams may offer 

advantages over action diagrams.  Lastly, frame layouts using the left-to-right configuration 

may well work best with the vision patterns of children. 

2.8. Modality of instructions 

As was seen with Twyman’s (1985), Van Der Waard’s (1999) and Easterby’s (1984) 

taxonomies and models of graphic communication, the design of instructions is a complex, 

multi-faceted problem requiring careful choices among many interrelated variables.  In the 

following sections, expert opinions and research results have been summarized to form a 

basis for choosing the modality (as defined by Twyman, 1985) of procedural assembly 

instructions. 
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2.8.1. Text or pictures? 

Perhaps the most studied aspect of procedural instructional design is the choice 

among using text, graphics, or a combination of the two.  The difficulty in interpreting and 

generalizing many of these studies is that results are dependent on a multitude of factors, as 

described by the components of Twyman’s framework including the instruction’s purpose, 

information content, configuration, mode, resources, and users.  One mode, text or 

illustration, may be found to be “better” but the results may be due to the extraneous load of 

the other, and not the ability of that mode to successfully communicate a procedure.  For 

instance, illustrations may be difficult to understand because they are too small, of low 

quality, have distorted colors, or use too many illustrations per page.  In that case, the text 

may emerge as the superior mode.  The general text versus graphics debate is rather futile 

when the choice depends on so many other factors.  Although many of the text versus picture 

studies are not very generalizable, they do offer some guiding points which are discussed 

here. 

The role of text has been the subject of discussion dating back to at least 1965 when 

Chapanis published “Words, words, words” in an early volume of Human Factors.  He 

recognized that sometimes the biggest improvements to a system or interface can be made by 

adding a few carefully selected words.  He strongly encouraged research focused on the 

design of documents.  Others have also suggested the use of minimal words over no words 

(Curran, 1993) or employing text as labels or to direct a person to relevant portions of a 

diagram (Hegarty & Just, 1989).   

Glenberg and Langston (2003) examined how people responded when the 

information in text and pictures differed and discovered they were more likely to trust and 

follow the pictures.  Research by Marcus, Cooper, and Sweller (1996) found that diagrams 

were most beneficial when the material was complex with interactive elements.  Diagrams 

were less important for material that was more sequential with a lower cognitive load.  The 

research of Stone and Glock (1981) suggested that text with pictures resulted in lower error 

rates in an assembly task.  They hypothesized that each mode had points of ambiguity which 

were clarified by the other mode.   
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Morrell and Park (1993) had younger and older adults assemble interlocking bricks 

by following instructions that were either text, pictures, or text-with-pictures.  They found in 

the picture-only condition, participants worked the most quickly but made the greatest 

number of final errors.  The text-only condition resulted in more misfit errors, which are 

errors that were corrected in process, but the time required was much greater.  The text-with-

picture condition resulted in the least number of misfit errors and was the least affected by 

increases in assembly difficulty.  However, participants in the text-with-picture group were 

much slower than the illustration-only group.  Theory suggests that the redundancy and 

required comparisons of the text and pictures may have actually increased cognitive load for 

this spatially-based task.  In addition, the instructions used part names (D2, D3) that may 

have been redundant and non-meaningful.  The part codes could have added to the cognitive 

load of the task. 

Novick and Morse (2000) used an origami task to compare text, text plus a final-state 

diagram, and text plus a step-by-step diagram with a final-state diagram.  They found that 

procedures with many steps (23) were better supported with the inclusion of the step-by-step 

instructions.  The step-by-step information provided no advantage when the number of steps 

was lower (7).  The step-by-step diagrams are most helpful when it is difficult for a user to 

extract the steps from a final-state diagram.   

Strictly pictorial instructions can be quite successful in communicating a procedure.  

In a study of building toys, Martin and Smith-Jackson (2005) found that more highly-rated 

products were more likely to use purely pictorial instructions than low-rated toys.  Rodriguez 

and Polson suggest that “properly designed diagrams do work surprisingly well for complex 

procedures with 200 to 300 steps” (2004, p. 941).  In a study of copy machine use, they 

concluded that well-designed pictorial instructions enabled users to work more quickly and 

with fewer errors than a combination of text and pictures.  They add, text can, in some cases, 

compensate for poor diagrams.  

Szlichcinski (1984) found wordless pictorial operating instructions to be very 

effective in communicating a procedure.  Of 786 users working with 12 different instruction 

designs, 90% were ultimately successful, and for the best instructions, 98% of users could 

accomplish the task.  
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In summary, it appears that text with pictures can be helpful for clarifying 

ambiguities, and that step-by-step instructions can be useful for more complex procedures in 

which the steps are not easily discernable.  Graphics, in isolation, can communicate 

successfully when designed well.  Text is often explicitly omitted when designing for a target 

population that is of low or varying levels of verbal literacy, or when designed for an 

international customer base (Spinillo & Dursteler, 2001). 

2.8.2. Children and pictorial instructions 

Research with young children and procedural instructions has been very limited and 

has primarily involved purely pictorial instructions.  Stufft (1988) found that sequential 

instructions enabled children, in grades four, six, and eight, to assemble a hand cart faster and 

with greater accuracy than a composite, final-state illustration with which children had 

difficulty identifying a starting point.  The older groups performed more accurately and 

quickly than the younger groups.  Sequential instructions better enabled children to identify 

goodness-of-fit and to correct in-process errors.   

Pillay (1998) compared performances of fourteen-year-old children using 

orthographic (multiview) drawings, isometric drawings, a physical model, and the model and 

isometric drawing together to assemble a non-recognizable object from a child’s construction 

set.  Those using the model were quicker and more accurate, possibly because cognitive load 

was minimized by allowing direct encoding of the model.  Those with the orthographic 

drawings were the least successful, likely because they were required to integrate separate 

two-dimensional drawings into a three-dimensional model. 

2.8.3. Other instruction modalities 

Assembly has a temporal dimension that is approximated with discrete steps.  There 

is a body of research addressing other modes of communication that can more directly 

represent the time dimension.  They include audio, animations, and video.  Auditory 

presentation of instructional text has been shown to be superior to written textual instruction 

as an accompaniment to pictures (Kalyuga et al., 1999).  Auditory instruction is improved 

with the addition of video, particularly as task difficulty increases (Sierra, Fisk, & Rogers, 

2002).  With an origami task, a video and audio presentation of instructions was superior to 

static text and picture presentation for both assembly time and accuracy (Carroll & Wiebe, 
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2004).  However, the printed instructions used some unconventional arrows to depict folds 

while the live video footage required less interpretation.  It is questionable whether this 

research would generalize to an assembly task which does not require complex folds.  Lastly, 

an interlocking block assembly task was used to evaluate accuracy using assembly 

instructions presented on paper, computer screen, and heads-up display (Tang, Owen, Biocca, 

& Mou, 2003).  These conditions were compared to a new technology, spatially registered 

augmented reality (AR), in which 3-D instructions were overlaid on the workspace to 

explicitly show the exact assembly operation.  Researchers discovered that the AR condition 

reduced total errors by 82% and resulted in decreased mental workload.  Video and AR may 

be suitable for specialized environments where lapses in time or accuracy have tremendous 

negative consequences.  Currently, most everyday assembly procedures will likely be 

constrained to paper because of time and budget constraints for companies, and resource 

constraints for the user.  Convenient access to a video player or computer cannot be assumed, 

particularly with a global customer base.  

2.9. Graphic design of pictorial instructions 

Massironi (2002) offers a three-dimensional model of the communication process 

which relates communication efficiency to the amount of shared knowledge and total amount 

of information.  Efficiency increases with greater shared knowledge, but it peaks at some 

optimum amount of information, neither too little, nor too much.  Massironi’s model 

demonstrates that it is important to design instructions to build on shared knowledge and to 

work in concert with the user’s expectations, schemas and learned conventions and that more 

information is not better, but can be distracting and extraneous and can increase cognitive 

load. 

Rodriguez (2004) cautions that by design, instructions should not provide every 

single piece of information necessary to complete a task.  In fact, he cites four types of 

information that can and should be omitted from diagrams without affecting performance: (1) 

the return of things to normal states; (2) information that is afforded by the physical design 

such as a grasping point of a handle; (3) information that is implied by the sequence; and (4) 

information that is known by the user.  However, designers are cautioned to be careful when 

making generalizations about what is implied or known by a user group. 
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When considering the qualities of “good” instructions, it is almost always easier to 

characterize what makes them “bad.”  Rodriguez describes the problems as “too few 

drawings; too much detail; too technical; or information that is inaccurate, incomprehensible, 

or unnecessary” (2004, p. 411).  Martin and Smith-Jackson (2005) describe the instructions of 

low-rated building toys as more likely to be black and white, using only action diagrams, and 

having more than two frames per page. 

The following sections provide an overview of graphical choices and conventions.  

The discussion draws from the limited pool of available research and expert 

recommendations regarding the design of pictorial procedural instructions.  As recently as 

2004, Rodriguez and Polson noted that detailed information regarding diagram design was 

not available.  This section is designed to gather and integrate available information. 

2.9.1. Views 

Static images can be depicted in an infinite number of ways by changing the number 

of dimensions shown, angle of view, perspective, scale, and orientation.  Few would disagree 

with “showing the proper angle of view is essential for assembly steps” (Curran, 1993, p. 

248), but what is a proper angle of view and how is it determined?   

Drawings may use perspective projections with converging lines of sight or parallel 

projections in which parallel lines and surfaces on the object appear truly parallel in the 

drawing (Bilen, 2001).  Oblique parallel projections show all three dimensions with the front 

view in true size, shape, and proportion with the front inclined to the plane of projection.  

Cabinet obliques show depth as half of actual depth, whereas cavalier obliques show true 

depth.  Axonometric projections include isometric, diametric, and trimetric drawings, 

indicating the geometric relationship of the three axes.  Orthographic multiview drawings 

generally utilize three two-dimensional drawings such as front, side, and top views.  

Typically, only the orthographic drawings indicate hidden lines as dotted lines.   

Little formal research has been done regarding a child’s perception of various 

drawing types, particularly with assembly tasks.  Pillay (1998) found that children were less 

successful with an assembly task when using orthographic, multiview drawings than with 

isometric drawings.  The multiview drawings required significantly longer study.  He found 
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that most children assembled the hand cart beginning with components that were front-most.  

A piece at the back of the assembly was incorrectly placed by the majority of the children.  

Pillay suggests this was due to the presentation format which favors the parts at the front.  

They are most visible and require less processing than parts at the rear. 

Other recommendations include using a three-quarter view for object-oriented tasks 

(see Krull, D'Souza, Roy, & Sharp, 2004) and avoiding “full frontal crudity” which is absent 

of depth information (Hofmann, 1998).  Although the three-quarter view is often advocated, 

there is no precise geometric definition other than it seems to be an axonometric drawing of 

undetermined angle, showing top, side, and front.   

Hofmann (1998) recommends using a consistent angle.  Roy and Grice (2004) 

advocate that consistent viewpoints be used where possible to maintain a visual connection 

and support the transition between illustrations.  Agrawala et al. (2003) maintain that a 

natural orientation should be used which is most often the one with the greatest gravitational 

stability.  For example, one would not orient an object perched on a corner or an edge.  In 

addition, viewing angles must clearly depict placement of new parts while showing enough 

existing parts to provide landmarks. 

The recommendations may best be summarized by suggesting that axonometric 

drawings be used with the most important features represented front-most.  Furthermore, the 

angle of view should be consistent unless rotation is required to show additional details.  

Mental rotations add to the cognitive load and processing time. 

Carl Szlichcinski (1984) has done perhaps the most comprehensive study of pictorial 

operating instructions using an electro-mechanical device that was conceived for the study.  It 

incorporated push-buttons, toggle switches, a knob, and levers with a panel that would show 

the word “yes” when a series of controls was operated correctly.  He included 786 adult 

participants, each given one of 16 treatments presenting one of 12 different sets of black and 

white illustrated instructions and in some cases, using an apparatus with fewer controls.  The 

study addressed the effects of (1) range of depiction, whole apparatus, close-ups, or both (2) 

views including three-quarter or front only (3) pictorial simplicity or complexity (4) action 

representation with arrows or hands and arrows (5) frame sequencing and numbering (6) red 
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versus black arrows.  Szlichcinski measured the time it took to perform the sequential 

operations on the machine and the number of errors committed. 

The study showed that the best instructions – those with the shortest completion time 

and fewest errors – provided an overall view of the equipment in each stage along with an 

inset showing a close-up of the particular control to be manipulated.  The sets with the worst 

performance showed operations in detail view only, regardless of whether an initial overall 

view was shown.  Szlichcinski suggests that both the location and the detail information was 

useful, but that the location information may be more important.  Results also showed that 

omitting irrelevant controls in each illustration reduced operating times.  He cautions, 

however, that other researchers have had contradictory results and that the choice is a tradeoff 

between simplification and providing sufficient location information.  

2.9.2. Image fidelity 

Image fidelity, or the degree correspondence between a depiction and the actual 

object, can be important in helping users identify and discriminate among relevant parts while 

minimizing extraneous cognitive load.  Twyman (1985) uses the term verisimilitude to 

describe this quality of picture realism with regard to communication effectiveness.  First and 

foremost, it is necessary that parts are depicted accurately, whatever the chosen level of detail 

(Curran, 1993).  There is some literature that suggests that children prefer more detailed 

drawings over simplified forms (Frascara, 1984), despite the prevalence of basic drawings in 

children’s books.  However, in the realm of instructions, Hoffman (1998) cautions that 

designers should only include the detail necessary to clearly convey the message.  He cites 

the advantages as reducing the intimidation level; reducing visual traffic (extraneous 

cognitive load); and eliminating resizing problems. 

2.9.3. Color 

Color is an important cue in many assembly tasks, particularly with children’s 

vividly-hued toys.  Martin and Smith-Jackson (2005) found color instructions were more 

often associated with highly-rated building toys.  However, care must be taken to use colors 

that closely match the object in reality.  One toy reviewer wrote, “The directions are 

challenging to follow, because many of the colors are not vivid” (from Martin & Smith-
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Jackson, 2005, p. 1731).  Color has also been used to link text and pictures, reducing 

cognitive load and improving performance (Kalyuga et al., 1999). 

2.9.4. Depicting action and areas of emphasis 

Many techniques are available to emphasize or deemphasize particular aspects of a 

picture: changing line weight, omitting features, simplifying, dimming, or greying irrelevant 

portions of a picture.  One possible disadvantage to emphatic techniques is that by focusing 

attention on one area, the user may miss an opportunity to detect and correct a deviation from 

a previous step.  Tang (2003) discovered this phenomenon of attention tunneling with users 

of a spatially-registered augmented reality system for an assembly task.  It overlays an 

assembly image over the work surface.  Participants completed the assembly task more 

quickly than those using more conventional instructions, but they were less likely to correct a 

previous error because their attention was so focused on the next step.  Attention tunneling 

could create a similar problem of distracting users from correcting part placements when 

dimming or greying out previously assembled parts, although this phenomenon has not been 

thoroughly studied with assembly.  

Motion can also be depicted in a variety of ways: arrows, fingers, hands, and color.  

Arrows are most commonly used.  Szlichcinski (1980) found that when asked to sketch 

procedural instructions, 77 people out of 80 incorporated arrows.  Of that group, 39 used 

arrows interchangeably with hands and fingers.  The arrows were drawn in a wide variety of 

shapes and forms. 

Szlichcinski (1984) suggested that arrows were most effective when they were 

colored red, to distinguish them from the surrounding black and while illustration.  He also 

found that pictorial instructions that used hands to depict manipulations confused 4% of 

users.  They often spent time imitating the hand position exactly even if the picture used a 

right hand and they were left-handed.   

  Rodriguez and Polson (2004) suggest showing where to grasp items, the required 

action and direction of movement.  Rodriguez and Polson recommend that “arrows should 

originate from the grasping point of the object (if it is shown before the object is moved) or 



 

 51 

from where the grasping point was located before being moved (if the diagram shows the 

object after it has moved)” (p. 413). 

When asked to represent the operation of a control, Szlichinski (1984) discovered 

that 80% of participants used a syntax that included the component (e.g. toggle switch) and 

action.  Minority representations included showing the switch with initial and final positions 

indicated on a single picture, or using two pictures to show initial and final position.  The vast 

majority drew the switch in its initial position with the action shown.   

Representing motion in two-dimensions is a challenge to instruction designers.  This 

is an area in need of fundamental empirical research. 

2.9.5. Diagram type 

Agrawala et al. (2003) have defined two types of diagrams: structural and action 

diagrams.  Structural diagrams show parts in their final assembled positions.  When a 

procedure is spread across multiple frames using structural diagrams, the user must identify 

the newly added parts, locate their positions, and determine how to attach them by observing 

differences between two successive diagrams.  Action diagrams depict the new parts 

separated from the main assembly, and use guidelines (typically arrows) to indicate the 

direction and location of attachment.  These diagrams require a spatial translation to view 

parts in their final positions.  

Action diagrams have been recommended by Agrawala et al. with the rationale that 

they are more explicit in showing direction of attachment.  However, the authors do grant that 

action diagrams may be less critical with LEGO and similar interconnecting blocks because 

most parts are attached in the same fashion.   

In contrast to Agrawala, et al., Pillay (1998) indicates that action diagrams require 

mental integration of the components hence greater cognitive resources.  He suggests that 

structural diagrams impart a smaller cognitive load because they depict pieces in their final 

position and do not require mental translation of parts.   

Hoffman (1998) recommended against using the exploded view, which is a single 

action diagram showing an entire assembly.  He states the exploded view should be used 
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“only if you need to show the complete assembly of an object in one picture, or, if you need 

to depict the actual explosion of an object.  Since both of these cases are rare, it’s baffling to 

see the exploded view remain so popular” (p.2). 

Twyman (1985) categorizes images as either a single synoptic picture or composite 

picture, made up of discrete elements.  He contends that the choice depends on the picture’s 

purpose, information content, users, and circumstances of use.  Twyman recommends 

discrete steps in some situations such as showing how to brew a cup of tea, perhaps indicating 

support for composite pictures for procedural instructions. 

Novick and Morse (2000), using a paper folding task, found that step-by-step 

instructions resulted in more accurate performance over a single final-state diagram when it 

was more difficult to extract the steps.  Typically the larger the number of steps, the more 

difficult it is to discern them and determine an efficient order of assembly.  When the steps 

were easy to extract, the step-by-step instructions offered little improvement in accuracy.  

Overall, the research indicates that step-by-step diagrams are preferred to a single 

diagram for all but the simplest assemblies.  It remains unclear whether structural diagrams 

which require comparisons or action diagrams which require mental integration are better 

suited to children. 

2.9.6. Frame layout 

Frame layout refers to the spatial positioning, labeling, and demarcation among 

related groups of procedural steps.  A step may be one or more operations so the terms may, 

in some cases, be used interchangeably.  Frames may be equal or unequal sizes, enclosed by a 

graphic border, numbered or sequenced in some other manner.  There may be one frame per 

page, or all frames on a single page.  They could be organized vertically, horizontally, in a 

linear-interrupted style (i.e. comics) or in a less structured way that is perhaps designed to use 

space efficiently.   

Szlichinski (1984) determined that separating each step with a line border resulted in 

significantly fewer people making multiple errors.  It was suggested that the boundary helped 

users understand the sequential nature of the steps. 
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Frame layout is important as it relates to cognitive load (section 2.7.1) and cognitive 

drag (see section 2.7.3).  Winn (1989) and Van Der Waarde (1999) indicate that the 

relationship among graphic elements is an important source of information.  Multiple frames 

per page could serve to integrate the images so the user has only to encode the new steps in 

each frame.  However, multiple frames per page require the user to find his or her place for 

each gaze and could result in cognitive overload from the extraneous load posed by the 

format.  Martin and Smith-Jackson (2005) found that highly rated building toys were more 

likely to have one or two frames per page while lower-rated toys had more per page.   

Spinillo and Dyson (2001) looked at how adults perceive four configurations of 

picture sequences using four images.  The first three pictures could be arranged and 

interpreted in any sequence to depict equally valid stories.  The images were organized 

horizontally (left-to-right), vertically (top-to-bottom), 2x2 (linear interrupted, left-to-right 

first row then left-to-right bottom row), and rhomboid (diamond shape, start at top and go 

clockwise).  When one configuration was presented, the participants used the content of the 

pictures to determine the sequence.  They sequenced pictures starting with what they believed 

to be the initial picture.  When given all the configurations, users preferred and best 

understood the horizontal sequence, and indicated it was due to a match with customary 

reading directions.  Second best was vertical, followed by the 2x2 sequence.  The least 

preferred and least understood was the “rhomboid configuration” which is a bit of a 

misnomer as pictures were in a circular pattern.  Szlichinski (1980) found that when people 

constructed their own procedural instructions, they were equally divided in arranging steps 

horizontally and vertically.  Krohn (1983) concluded that reading flowcharts left-to-right was 

best with top-to-bottom nearly as effective.  He cautioned that multi-page flowcharts could 

cause users to lose their place.  Rodriguez (2004) suggested using numbers within frames to 

show sequence of action and help users find their place.  Winn (1989) notes numbers or 

arrows can be used to override left-to-right and top-to-bottom conventions.  It is questionable 

how a non-typical structure would compete with existing mental models that follow reading 

conventions. 

2.9.7. Number of steps per frame 

A frame can depict from one assembly step to the entire assembly operation (e.g. a 

single assembled or exploded depiction).  With multiple frames, the task is presented at 
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discrete, fixed points in a procedure, and “the onus is on the reader to animate the interim 

frames, to fill in the missing steps” (Roy & Grice, 2004, p. 1). 

Depicting all operations in a single frame could result in cognitive overload as the 

user must search for a beginning point and identify the sequence of steps.  Having a single 

operation per frame , as suggested by Agrawala et al. (2003), can also result in needless 

extraneous cognitive load, particularly with a more expert user, for whom unnecessary detail 

can be distracting (Kalyuga et al., 1998).  Each state change does not need to be shown 

separately if they can be easily extracted or derived from the diagram (Novick & Morse, 

2000).  Again, one part per frame may suit a novice, but for someone with more experience, it 

could inhibit performance. 

Rodriguez and Polson (2004), in a review of the state of instructions suggested that 

two to four actions per diagram, or frame, is the optimum level.  Martin and Smith-Jackson 

(2005), in their review of consumer-rated toys and instructions, found that more highly-rated 

toys had larger numbers of operations per frame, with an average of about thirteen operations 

per frame.  The notion of an ideal number of steps per frame is probably dependent on a 

number of variables (see Twyman’s framework in Table 2) including purpose and user 

characteristics. 

2.9.8. Assembly configuration and order 

The order of an assembly procedure, as depicted in the instructions, can affect 

assembly performance by supporting or subverting a user’s conception.  Rodriguez and 

Polson (2004) suggest using the most efficient order for assembly but do not define how to 

determine this.  Baggett and Ehrenfeucht (1988) have probably done the most-cited research 

on assembly order.  They examined how people assembled a toy lift using a completed model 

for reference. They recorded the order in which participants requested pieces and used cluster 

analysis to identify subassemblies and subsubassemblies.  They discovered that 70% used 

groupings that were minor deviations of one another.  Further evaluation revealed that people 

could build the lift from memory more accurately when given the assembly procedure that 

used the typical conceptualization.  The range of accuracy scores was smaller with the typical 

conceptualization than with the minority configuration.   
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“If the instructions match the operator’s conceptualization of product, then the level 

of behavioral discretion would be very low and the person would assemble the device exactly 

according to the instructions.  If there is a mismatch between instructions and 

conceptualization, or an individual is assembling devices without instructions, the person 

would have some discretion which would in turn depend on temporal or spatial parallelism” 

(Prabhu, Helander, & Shalin, 1992, p. 260).  A vertical assembly is said to have temporal 

parallelism while a complex or hierarchical assembly has spatial and temporal parallelism.  

Prabhu et al. (1992) found that despite having the same number of parts, vertical product 

assembly could be learned and performed more quickly than hierarchical assemblies, when 

provided with instructions.  However, if no instructions are given then there was no 

difference in performance on vertical and hierarchical assemblies.  They found that 

instructions provided no statistically significant benefit with the hierarchical product.  

However, the instructions were provided via videotape, a very linear delivery and the product 

had eight subassemblies, a large number to maintain in working memory. 

It does appear important to establish and design for the majority assembly order 

conceptualization.  In some cases, it may even be necessary to provide alternatives, 

particularly if training an individual for a repetitive assembly. 

2.9.9. Subassemblies 

Some objects are best assembled hierarchically by putting together subsections and 

later joining them to the main portions.  This can create difficulties when a sequence of 

instructions concludes one subsection and begins the new subassembly in the next frame, 

with no visual transition or linkage.  Murphy and Wood (1981) found that children four 

through eight years of age had difficulty working with a hierarchical assembly and having to 

set aside one portion and direct their attention to another. Roy and Grice (2004) suggest that 

in a subassembly-based object, the instructions for the new subassembly should begin by 

showing the preceding subassembly to create a visual connection between the two.   

2.9.10. Organizational information 

In many cases, task performance can be improved by providing a framework 

including the goal, subgoals, and general approach to the task.  This framework could 

conceivably help prime thinking, reduce choices, and fill in gaps in information.  Dixon 
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(1987) describes task information as having two parts: organizational information describing 

the overall structure or goal of the procedure and component step information describing the 

specific task actions.  He employed a sketching task in which the participant was first given 

either the identity of the object or its component geometric members and relationships.  He 

found that participants spent more time reading the component information of the 

component-first directions showing they were using a guessing strategy, trying to anticipate 

the identity of the object.  The guessing took more time and resulted in slower performance 

with more cognitive overhead.  Participants who were given the organizational information 

first (identity) spent less time reading and completed the tasks more quickly.  The experiment 

supports the recommendation to present high-level organizational and executive information 

before giving component instructions.  Without an understanding of the overall plan, users 

may guess and make incorrect assumptions.  This finding suggests the possible importance of 

high-level organizational information in an assembly task.  With pictorial assembly tasks, this 

is sometimes accomplished by giving an overall object map showing part groupings, labeled 

with corresponding step or page numbers.  Another approach is to show a completed 

subassembly and associated step numbers, following the group of subassembly steps. 

2.9.11. Expectations 

User satisfaction with product assembly may be affected by expectations of the 

procedure – required time, space, tools, or expertise.  Martin and Smith-Jackson (2005) found 

some evidence of this with children’s toys.  Among users who provided online toy ratings 

and comments, some indicated that the assembly process was a means to an end, while others 

viewed the assembly experience itself as the primary purpose and source of enjoyment.   

Roy and Grice (2004) recommend strategies for managing expectations during more 

complex assemblies.  They suggest providing the following types of information in the 

instructions: (1) what was accomplished with the previous subassembly and the goal or 

purpose of the new one; (2) an estimate of “how far we are from the goal”; and (3) the major 

components involved.  This would enable users to gauge their progress and view their success 

incrementally. 

Initial perception of an assembly task or instruction set can impact a user’s 

assessment of their probability of success and the ultimate outcome.  Winn (1989) suggests 
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that the effort users put forth on a task is influenced by its perceived difficulty and the 

expected value for completing the task.  The task may, in fact, not be very complex, but if the 

instructions appear difficult, the user could be left with great doubt.  In the domain of 

mathematical problem solving, self-efficacy, or belief in one’s abilities, is a more important 

determinant of success than prior experience (Pajares & Miller, 1994).  It is important to 

manage this initial perception with clear and appropriately designed instructions. 

One potential method of managing perceptions and matching skill levels to the child 

is characterizing construction toys by a level of difficulty.  Paul Files, a technical writing 

consultant states, “from a consumer point of view, printing a difficulty level on the side of a 

self-assembly box would be a godsend – in much the same way as printing small chilies next 

to spicy dishes on an Indian menu is a godsend for faint hearted curry-munchers” (Lewis, 

2003, p. 15).  Files acknowledges that difficulty ratings are difficult to assign particularly 

because assembly time and difficulty may not be related.  A product may be simple but take a 

long time, or be very difficult, but quick.  He also notes that a difficulty rating may not be 

embraced by companies since no one would want to admit to a difficult product.  In addition, 

competition for the easiest-to-assemble product would eventually render the ratings 

meaningless without a set of objective standards and requirements. 

However, difficulty ratings could have a valid place with building toys since the 

purpose for the toy is primarily the construction process.  Tasks that are too simple may not 

be fun for a child (Harter, 1974) and as children gain experience, they typically seek greater 

challenges.  Richardson (2004), who developed formulas for predicting assembly difficulty, 

recommends using this information to inform consumers so they understand the complexity 

of the task at the outset.  Many model cars already follow a somewhat standardized skill level 

rating system (from http://www.megahobby.com/Mega-

Community/Contact_Us/contact_us.html, accessed August 31, 2005) 

 
Skill level 1:  for ages 8 and up, not many parts, snap-together, no glue or paint 

needed 
Skill level 2:  ages 10 and up, glue is required, usually between 50 and 100 

parts 
Skill level 3:  ages 12 and up, experience recommended, glue required, and 

over 100 parts 
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2.9.12. Part selection 

Though not an integral component of assembly instructions, it is important to 

consider how parts are provided to the user, whether in one large grouping, or packaged 

according to type or step.  Madan, Bramorski, and Sundarraj (1995) demonstrated that the 

assembly time of an interlocking-brick built car was significantly reduced by making the 

parts available in bags of related items that corresponded to the assembly sequence.  Two 

searches are used: one to locate the correct bag, one to find the correct component within the 

bag.  As the number of bags increases, the bag search time should increase, with the 

component time decreasing.  This inverse relationship suggests that an optimum number of 

groups should exist.  The authors found that grouping parts into two, four, or eight groups 

resulted in faster assembly than one or twelve groups.  Part packaging could be a simple 

means for reducing assembly complexity or time, provided users clearly understand the way 

the parts are grouped. 

2.10. Summary 

Because there have been few well-documented studies of children using pictorial 

assembly instructions, it was necessary to draw on knowledge from a wide range of areas 

including instruction design for adults, children’s spatial and learning processes, graphic 

communication, and Cognitive Load Theory (Kalyuga et al., 1998; Paas et al., 2004; Valcke, 

2002).  The review of literature reveals that the domain of pictorial assembly instruction 

design for young children is a broad and complex area involving interactions among 

characteristics of the toy, the instructions, and the child.   

In an ideal scenario, instructions will support and build on the child’s existing 

schemas and mental models, providing an optimum amount of information in a clearly 

understandable way for him or her to complete the assembly.  The chosen views clearly and 

accurately depict each step and operations are easily discernable.  A small number of frames 

per page minimizes extraneous load but allows for some cognitive drag.  Chosen graphic 

representations are matched to the child’s level of graphic literacy or the context provides 

sufficient information for the child to determine the meaning.  The optimized design, using 

the typical construction order, minimizes extraneous load and allows sufficient resources to 
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process the germane load for learning and understanding to occur.  Minimal “look times” or 

formation and reactivation inspections are necessary to process and encode the instructions 

(Hegarty & Just, 1989).  The task will be completed correctly and efficiently, with minimal 

misfit or final errors.  The task challenge will be manageable, self-motivating, and enjoyable.  

Schemas and mental models have been refined and adapted, and the child’s confidence has 

grown. 

In the least desirable scenario, given the same task and intrinsic cognitive load, the 

instructions are presented in a manner inconsistent with the child’s schemas and mental and 

create a state of cognitive overload.  The child studies the instructions for a prolonged time to 

determine where and how to begin.  The child selects a picture that seems within his or her 

ability but builds with a self-created assembly order that almost guarantees failure.  Graphic 

syntax is misinterpreted and eventually the child abandons the instructions and the task 

altogether.  The toy is rated as difficult, frustrating and not fun.  The child believes he or she 

is less than capable and may avoid interaction with future construction toys.   

Most assembly instructions result in outcomes between these two extreme examples.  

There are a large number of assembly instruction design choices to be made (Martin & 

Smith-Jackson, 2005) but little documentation of the child-task-instruction interaction and 

major usability issues.  Human factors methods are needed to bridge the gap between 

children, with their developing capabilities (Fry & Hale, 2000), and designers who craft the 

pictorial assembly instructions.  This human factors research is designed to begin to address 

the central question of how can pictorial assembly instructions be designed and evaluated to 

best facilitate the development of instruction comprehension skills and assembly 

competencies among children ages six- and nine-years-old?  Details of the study are 

described in the following section. 
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3. USABILITY ASSESSMENT 

3.1. Overview   

There is a great deal to be learned about ways in which boys and girls interpret and 

use pictorial assembly instructions and the types of usability problems they encounter.  There 

is virtually no research that has been published that thoroughly describes how children utilize 

instructions, extract meaning, interpret graphic syntax, or manage difficulty.  To add further 

complication, the use of traditional usability tools with children is relatively new and their 

effectiveness is not well understood, particularly outside of the realm of human-computer 

interface studies.  This study was designed to address a fundamental question: how can 

pictorial assembly instructions be designed and evaluated to best facilitate the development 

of instruction comprehension skills and assembly competencies among children ages six- and 

nine-years-old? This exploratory study, which is both experimental and descriptive, 

examined the usability of five commercially available toys and accompanying pictorial 

assembly instructions for boys and girls ages 6 and 9.  It was designed to satisfy the first three 

of the four research objectives given in section 1.2. 

Objective 1. Usability Outcomes: Understand if and how toy instructions, age, gender, 
and previous experience affect usability, assembly performance, instruction 
encoding time, and subjective evaluations of workload and satisfaction. 

Objective 2. Key Usability Factors: Identify relevant factors for efficient usability testing 
of children’s pictorial assembly instructions. 

Objective 3. Developmental Usability Methods: Evaluate traditional usability assessment 
procedures for use with six- and nine-year-old child participants including 
appropriateness of think-aloud techniques, measures of instruction encoding 
time, subjective evaluation instruments, and ability to respond to structured 
interviews. 
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3.2. Objectives and hypotheses 

Objective 1.  Usability Outcomes: Understand if and how toy instructions, age, gender, and 
previous experience affect usability, assembly performance, instruction encoding time, and 
subjective evaluations of workload and satisfaction. 

Hypotheses: 

1.1. The nine-year-old children, as compared to the six-year-olds, will 
a. assemble parts more quickly 
b. assemble more parts correctly 
c. require fewer instruction looks (Fry & Hale, 2000; Hale et al., 1997; Stufft, 

1988). 
d. require instruction looks of shorter duration 
e. evaluate the assemblies as easier and less frustrating 
f. evaluate the easier assemblies as less fun 
g. have a greater understanding of graphic syntax 
h. have fewer instances of usability problems. 

1.2. The boys, as compared to the girls, will 
a. require fewer looks for each correct part assembled (Murphy & Wood, 

1981).  
b. be equivalent in terms of other measures including performance and 

subjective evaluations 
c. there would be no Age x Gender interactions 

1.3. Children with more assembly experience, as compared to those with less reported 
assembly experience, will  

a. assemble more parts correctly (Kalyuga et al., 1998; Marcus et al., 1996) 
b. assemble parts more quickly 
c. require fewer instruction looks 
d. require instruction looks of shorter duration 
e. evaluate assemblies as easier, less frustrating, and more fun 

1.4. The K’NEX and Lincoln Logs toys, as compared to the BIONICLE and LEGO X-
Pod would:  

a. be assembled more quickly 
b. be assembled more accurately 
c. require fewer instruction looks 
d. require instruction looks of shorter duration 
e. be evaluated as easier and less frustrating 
f. have fewer usability problems 
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Objective 2.  Key Usability Factors: Identify relevant factors for efficient usability testing of 
children’s pictorial assembly instructions. 

Objective 3.  Developmental Usability Methods: Evaluate traditional usability assessment 
procedures for use with six- and nine-year-old child participants including appropriateness of 
think-aloud techniques, measures of instruction encoding time, subjective evaluation 
instruments, and ability to respond to structured interviews.  

Hypotheses: 

3.1 The nine-year-old children will speak more than the six-year-olds. 
3.2 All children will speak more after viewing the think-aloud demonstration video 
3.3 Ranking/rating pairs will correlate more among the nine-year-olds than the six-year-

olds 
   

3.3. Pilot Study 

Prior to testing the hypotheses with a full usability study, a small pilot study was 

conducted to verify the appropriateness of the adult-based human factors methods for use 

with children.  The main objectives of the pilot study were: 

1. Determine if the task difficulty levels and duration times were appropriate. 

2. Ensure the subjective evaluation instruments were understood and effective. 

3. Verify that a camera could be used to collect instruction look data. 

4. Estimate effect size to use power analysis to determine sample size. 

 

The pilot study included four participants who were representative of the target age 

(six- and nine-year-olds) and gender groups: two boys, ages 6.46 and 9.01 years; and two 

girls, ages 5.51 and 9.14 years.  Ethnicity and race were not explicitly asked, but three 

participants were white and one was black, not of Hispanic origin.  The pilot study 

incorporated the basic materials and procedures described in section 0.  For brevity, only the 

major findings and adaptations will be discussed here as they influenced the methods of the 

larger study. 

The four toys used in the pilot and main study were the Kid K’NEX Fish-Eyed 

Friends, Lincoln Logs® Frontier Junction, the LEGO X-Pod (#4349) dragonfly design, and 
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BIONICLE Rahaga Bomonga (#4878).  Children were allotted up to twelve minutes to work 

with each toy.  During that time, three-quarters of the children were able to assemble 100% of 

the K’NEX toy, 93% of the LEGO, and 65% of the Lincoln Logs.  Two of the four children 

assembled 40% of the BIONICLE.  As the toys were intended to represent a range of 

difficulty levels and usability problems, the appropriateness of their inclusion was confirmed 

by the pilot study.   

The pilot participants demonstrated that they were able to maintain focus throughout 

the five assemblies over a one-hour session.  There were two areas that were streamlined to 

ensure that the session would not exceed one hour.  First of all, the training materials 

designed to introduce the participants to visual-analog rating scales were reduced.  The initial 

procedure included three unique scenarios (e.g. peeling banana, swimming, standing on 

hands) for each of the three constructs (hard—easy), resulting in a total of nine scenarios.  

The children grasped the rating concept more quickly than anticipated prompting the training 

exercise to be shortened. The redesign (Appendix H) included three constructs each for just 

two scenarios (reading a book, making your bed).  The second area that was streamlined was 

the interviewing procedure.  Pilot participants were asked a series of ten questions following 

each assembly such as what did these arrows mean and how could these instructions be made 

better.  For the full study, the questions were reorganized into a single graphic syntax quiz 

(Appendix M) and a brief structured interview (Appendix L) that were given at the 

conclusion of the final assembly.  This eliminated potential bias or knowledge-building 

caused by the questions.   

Slight adjustments were also made with the use and design of the visual-analog rating 

scales.  In the pilot study, children were asked to draw a line from the left anchor (low rating) 

to their intended rating.  The participants asked for clarification of the line-drawing.  Children 

understood more quickly when asked just to use an “x” to indicate their choice.  Children 

were observed trying to estimate a middle rating, but the scale used six hash marks (including 

the ends) that did not identify the center point.  A change to five hash marks allowed for a 

clear center position.  In addition, that central position was marked with a neutral face while 

the ends depicted frown and smiley faces.  
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The hat-mounted bullet camera was found to be well-tolerated and effective in 

capturing instruction look times.  As a result of the pilot study, a counterweight was added to 

the opposite side of the cap to keep it in balance upon the child’s head. 

Power analysis of the pilot study data was used to estimate the necessary sample size 

to reach a power level of 0.80 in the full study.  Differences between the six- and nine-year-

old groups were expected to be of primary importance and were used as the basis of the 

power analysis.  The age group means and standard deviations of dependent variables such as 

time and frequency of looks at the instructions, correct parts assembled per minute, and 

ratings (described in section 3.4.5.) were used to determine the effect size expressed as  

Cohen’s d (1988).  Table 4 shows the effect sizes and recommended n per group for α = 0.10 

and power = 0.80.  The ratio of Type I (α ) to Type II (β) error is 1 to 2, indicating that for 

this study, it is twice as acceptable to risk incorrectly accepting the null hypothesis as 

compared to incorrectly rejecting the null hypothesis.  As a result of the power analysis, a 

total sample size of 24 was selected for the full study. 

 

Table 5.  Effect Sizes from Pilot Study and Recommended n for α = 0.10 and Power = 0.80 

Dependent Variable Cohen’s d n per group n total 
Number of looks per correct part 0.80 14 28 
Look time 0.96 10 20 
Correct parts per minute 1.61  5 10 
Rating fun 0.73 19 36 
Rating ease 0.04 >902  

Note:  Values of n obtained from Cohen (1988, p. 54, Table 2.4.1) 

 

 

3.4. Method 

The primary independent variables of interest included age, gender, and toy resulting 

in a 2 x 2 x 5 (Age x Gender x Toy) mixed-factor experimental design.  Additional 

independent variables included order, which can introduce the biases of practice effects, and 

experience, which could impact performance as well as the psychological processes that 

affect graphic comprehension (Easterby, 1984).  Each child worked with four commercially 
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available toys (but built five assemblies) and used the accompanying instructions for each 

toy.  The dependent measures included self-report evaluations of fun, ease, and frustration; 

look/encoding times; and performance measures including accuracy and speed.   

3.4.1. Participants 

A total of twenty-four participants, none of whom participated in the pilot study, took 

part in the study.  They included twelve boys and twelve girls; half of each were six-year-olds 

with the remainder nine-year-olds (see Figure 4).  Ethnicity and race were not explicitly 

recorded, but all children were white.  These ages were selected because they correspond to 

the lower end of two consecutive age groups, six through nine years and nine through twelve 

years, identified by the Consumer Product Safety Commission in their age determination 

guidelines for toys (Smith, 2002).  The CPSC recognizes both six- and nine-year-olds as 

common users of building and construction toys.  Participants were required to be within 6 

months of the nominal ages of six years or nine years at the time of their participation.  Mean 

ages for each participant group are given in Table 6. 

 

 

Figure 4.  Experimental design. 
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Table 6.  Mean Age (Years) for Each Gender x Age Group (n = 6) 

 Girls Boys 
 M SD M SD 
Six-year-olds 5.92 0.30 5.90 0.20 
Nine-year-olds 9.01 0.21 8.98 0.32 

 

The children were recruited from area after-school programs as well as from the 

community through email solicitations and flyers.  In addition to meeting age requirements, 

participants had to be free of visual, auditory, motor difficulties, or learning disabilities that 

could impact performance.  Recruitment materials as well as the Child’s Informed Assent and 

Parental Informed Consent are included in Appendices B-E. 

3.4.2. Toys and instructions 

Four toys and their unmodified, manufacturer-provided instructions were used in the 

study.  The assemblies are shown in Figure 4 and include the Kid K’NEX Fish-Eyed Friends, 

Lincoln Logs® Frontier Junction, the LEGO X-Pod (#4349) dragonfly design, and 

BIONICLE Rahaga Bomonga (#4878).  The instructions for each toy are included in 

Appendix  I.   

Toys were selected to appeal to both girls and boys where possible and to be of a size 

and complexity that they could be completed by at least some of the participants within the 

allotted time.  Instructions were strictly pictorial with no text other than numbers.  The 

instructions incorporated a variety of commonly used graphical styles and syntax intended to 

draw attention to a wide range of usability problems.  Descriptive characteristics of the toys 

and instructions are given in Table 7.  In Table 8, attributes of the instructions were compared 

to characteristics associated with higher ratings (Martin & Smith-Jackson, 2005) and 

decreased difficulty (Richardson et al., 2004) that are shown in the far-right column. From 

just these comparisons, it was predicted that the K’NEX and Lincoln Log toys would be 

easier than the LEGO and BIONICLE toys. 
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Table 7. Characteristics Of Selected Toys 

 K’NEX 
Vertical 

K’NEX 
Horizontal 

Lincoln 
Logs® 

LEGO  
X-Pod BIONICLE 

Manufacturer’s Age Range 3 to 7 3 to 7 3+ 6+ 7+ 

No. of Unique Parts in Set 12 12 14 24 15 

Total Parts in Set 34 34 99 45 28 

No. of Unique Parts in Object 5 6 14 16 15 

Total Parts in Object 12 14 99 27 28 

Total Number of Operations 12 14 99 27 28 

Number of Frames 1 1 6 9 9 

No. of Unique Subassemblies 0 0 0 4 2 

Emphasizes New Parts? n/a n/a y, dim n n 

Parts Inventory n n n n n, rod size 
shown 

Frame Layout n/a n/a 
Numbered, 

unstructured 
flow 

booklet top-to-bottom 
two columns 

 

 

Table 8.  Comparison Of Selected Toys To Recommendations From Previous Research 

 Kid K’NEX Lincoln 
Logs® 

LEGO 
 X-Pod BIONICLE Recommended 

Symmetrical Planes 2.6 2.9 1.3 2.2 More is easier* 

Number of Component Groups 3 4 4 5 Less is easier* 

Average Operations Per Frame 12 16.5 3 3.1 13.4** 

Structural or Action Diagram structural both both both Both** 

Color or Black & White c c c c Color** 

Frames Per Page 1 2,4 5,1 9 1 to 2** 

Predicted Difficulty easy easy difficult difficult  
Notes:  * decreased difficulty (Richardson et al., 2004) ** higher rating (Martin & Smith-Jackson, 2005) 
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A LEGO toy, the X-Pod, was chosen because LEGO instructions have been called 

“legendarily good” (Mintz, 2004) by Dr. Barbara Tversky, a cognitive psychologist working 

in the area of procedural instructions (Agrawala et al., 2003; Tversky & Hemenway, 1984; 

Zacks & Tversky, 2003).  The LEGO dragonfly was specifically selected because its design 

and bright colors should appeal to both girls and boys.   

The BIONICLE Rahaga Bomonga was also part of the LEGO product family, yet the 

instructions were substantially different from the LEGO X-Pod.  It used a single-page 

instruction format including insets and subassemblies.  Of the three toys, this one was clearly 

designed to appeal to boys, but was included because it is representative of a large number of 

robot-type action figures that are prevalent.  The prescribed age range was indicated as seven 

and up; however, based on the number of parts, component groups, and symmetry, it should 

have been suitable for six-year-olds as well.   

The Lincoln Logs® Frontier Junction utilized more complex graphic syntax not 

incorporated in the other instruction sets.  It included multiple numbered steps within each 

frame as well as status pictures to show how the build should look at various stages of 

completion.  Within a step, new additions were shown in full color while previously 

assembled parts were shadowed or dimmed.  The instructions used a loosely structured frame 

layout with no visual separations and no clear left-to-right, top-to-bottom flow.  This toy had 

a larger number of operations per frame than the other toys. 

Toy was a within-subjects variable thus each child worked with all toys.  The 

participants began with two builds of the two-dimensional Kid K’NEX set to provide a 

warm-up as they were easier to construct than the three-dimensional toys and were designed 

for a younger age range of 3-7 years.  The two K’NEX builds are referred to as horizontal 

and vertical, indicating the orientation of the animal as shown in Figure 4.  None of the toys 

indicated that adult assembly or assistance was required.  It was presumed that the child 

should be able to work individually from the supplied instructions.  
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3.4.3. Apparatus 

Two cameras were used for determining how often and how long the participant 

viewed the instructions (as discussed in section 3.4.6) and to record the participant’s 

assembly progress from unique perspectives.  The primary camera, which depicted the child’s 

point of view, was a Hi RES Sony Super HAD CCD 480TVL bullet camera, approximately 

22 mm in diameter and 75 mm in length.  Using Velcro, the camera was mounted to the side 

of a billed ball cap as shown in Figure 5.  The analog video output was converted to digital 

video in real-time using a Plextor ConvertX PX-AV100U Digital Video Converter and stored 

on a laptop.  This camera was instrumental for determining when the child’s gaze moved 

between the toy pieces and the instructions.  The bullet camera included a small microphone 

that was clipped to the child’s shirt to record the child’s comments.   

The secondary camera was a mini digital video camera secured on a tripod.  It 

recorded a head-on view to capture the child’s body language and movements as well as 

providing a backup in case of failure with the bullet camera and microphone. 

 

Figure 5.  Experimental setup showing bullet camera. 

The toy assembly task was carried out on a 12” x 16” white plastic tray.  The paper 

instructions were located to the left of the tray.  When possible, all the toy parts were placed 

on the tray.  In the case of Lincoln Logs®, the larger logs were on the table to the right of the 

tray.  The tray created a spatial separation between object and instructions and enabled 

researchers to distinguish when the child was looking at the instructions or at the toy. 
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3.4.4. Materials 

The children were administered a pre-assembly questionnaire prior to beginning, a 

rating instrument after each assembly, and summative rating and rankings at the conclusion 

of the final assembly.  Afterward, there was a structured interview and a graphic syntax quiz.  

Questions were presented orally to all children.  

The pre-assembly questionnaire (see Appendix  F) was used to gauge how frequently 

the child built with construction toys, his or her interest level, and typical use of the 

instructions.  Children were asked to review a sheet depicting eight common building toys 

(see Appendix  G) and respond whether they played with each a lot, a little, or not at all.  

Included were LEGOs®/Mega Bloks, Lincoln Logs®, K’NEX, BIONICLE, Tinkertoy®, 

Gears, Playmobil® and car track systems.  

Following the pre-assembly questionnaire, children completed a rating scale training 

activity designed to help them understand and utilize the full range of the visual analog rating 

scale (see Appendix  H).  This is especially important because young children may tend to 

select extreme rating points (Chambers & Johnston, 2002).  The children were provided with 

a broad-tipped colored marker with which to draw an X indicating their rating of the activities 

of making a bed and reading a book.  

 The rating scales used for both training and post-assembly are shown in Figure 6.  

Children rated the fun, ease/difficulty of the instructions, and frustration level.  Fun was 

included as it is an important element of construction toys, important for engagement, and a 

familiar concept to children.  The latter two scales are intended to correspond to constructs of 

mental effort (hard/easy) and stress load (frustration) as used in the Subjective Workload 

Assessment Technique (SWAT).  The third construct used in SWAT, time stress, was not 

included because in this context there was no external time pressure and highly individualized 

responses to the time limit.   



 

 71 

 

 

 

 

 
    
    

HARD 

    

EASY 

 

 

 

 

 

 
    
    

NOT AT ALL 
FUN     

REALLY 
FUN 

 

 

 

 

 

 
    
    

REALLY 
FRUSTRATING     

NOT AT ALL 
FRUSTRATING 

  
Figure 6.  Rating scales used for training and assembly tasks. 

 

The instrument was designed so that all positive ratings were to the right and were 

associated with a smiley face; negative ratings were to the left and associated with a frowning 

face.  A neutral face at the midpoint was intended to draw equal attention to the middle of the 

scale.  This assembly rating instrument (see Appendix  I) was completed by the child after 

each of the five toy assemblies, thus five sets of the three scales for each participant.  

After the child had worked with all five assemblies, he or she was asked to complete 

two comparative evaluations based on the work by Read, MacFarlane, and Casey (2002).  

The Again-Again table (Figure 7, Appendix  J) simply gauged if the child would like to play 

with the particular toy again if available, for instance, at a friend’s home.  The ranking 

instrument, derived from the Fun Sorter (Figure 8, Appendix  K) used a rank order approach 

using the same constructs included in the rating instrument, plus a fourth, best/worst 

instructions.  Small paper pictures were provided of each toy for sorting.  The child 

physically arranged the pictures on the chart and the researcher affixed them with tape.   
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Figure 7.  Portion of completed Again-Again table. 

 

 1 2 3 4  

 
HARD 

  
 

 

 
EASY 

Figure 8.  Portion of completed ranking instrument. 

 

Evaluation of the instructions was done as a ranking but not a rating because pilot 

testing showed that children struggled to rate instructions, but could rank them.  Pilot testing 

also revealed that children did not/could not distinguish between the two K’NEX builds for 

the ranking, thus they were ranked as a unit. 

Lastly, the children were asked some general questions in a brief structured interview 

(Appendix  L) and administered a graphic syntax quiz (Appendix  M).  The interview 

included questions such as What made these instructions the worst?  Which instructions had 

the size picture you liked best?  Do you prefer the booklet or the single sheet?  The questions 

were designed to be fairly specific because it can be difficult for users, particularly children,  

to answer broad inquiries such as what would you change? (Wright, 1999). 

 



 

 73 

3.4.5. Summary of variables 

A comprehensive set of data was collected to describe performance outcomes as well 

as capture underlying cognitive constructs.  Independent and dependent variables are 

summarized in Table 9 on the following page.  Prior experience was important to determine if 

and how ability levels of participant groups varied and the effect of experience on 

performance. 

Performance was gauged by the total number of parts assembled, the number of 

correctly assembled parts, and total assembly time.  Correctness was evaluated from the final 

assembly in which pieces had to be both correctly selected and attached.  Misfit errors, or 

errors committed but ultimately corrected were recorded for the LEGO assembly.  Misfit 

errors could not be reliably measured with the other toys because of video quality and the 

monochromatic parts of the Lincoln Log and BIONICLE.  Total assembly time was measured 

from the time the participants first looked at the instructions to either (1) the time they 

finished the assembly; (2) the conclusion of the allotted 12 minutes; or (3) the time at which 

they abandoned the building process despite gentle encouragement.  In the case of 

instructions presented on multiple pages (LEGO, Lincoln Log), the time required for the 

individual to turn the pages was measured and subtracted from the total assembly time.  

Times were extracted using Intervideo’s WinDVD video editing software and hand-entered 

into a spreadsheet. 
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Table 9. Summary of Variables 

  Dimension How measured Reflects 
Individual Gender  Gender differences 

 Characteristics Age  Cognitive development 
 Toy Instructions  Difficulty level 
 Assembly Order  Practice or transfer effects 

Extent of experience Existing mental models of 
building 

Previous use of 
instructions 

Prior understanding of 
instruction syntax 

Frequency of building Existing mental models of 
building & motivation In

de
pe

nd
en

t V
ar

iab
les

 

Previous 
Experience 

Enjoyment 

Pre-Assembly 
Questionnaire 
(Appendix F) 

Motivation 
Number of parts 
assembled Observation Cognitive load, stress, 

engagement, ease 
Number of parts 
correctly assembled Observation Ability to recognize errors Performance 

Total Assembly time Video analysis Ease, engagement 
Look Duration Encoding time Instruction 

Looks Look Frequency 
Video analysis Formation and reactivation 

inspections 
Fun  Engagement 
Ease of Use Cognitive load Assembly 

Ratings 
Frustration 

Assembly Rating 
Instrument 

(Appendix I) Stress 

Fun Again-Again Table 
(Appendix J) Engagement, endurability 

Fun  Engagement 
Ease of Use Cognitive load 
Frustration Stress 

Comparative 
Evaluation 

Instructions 

Ranking Instrument 
(Appendix K) 

 
Quality of instructions 

Comprehension 
(Graphic Syntax) 

Graphic Syntax Quiz 
(Appendix M) 

Ability to interpret cues in 
graphic instructions 

Frequency of occurrence 
(Usability problems) 

Observation,verbal 
protocols 

Comprehension and 
execution 

De
pe

nd
en

t V
ar

iab
les

 

Usability 

Cognitive processes 
(Verbal protocol) Think-Aloud Method Strategies, perceptions 
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Instruction looks, including duration and number, were evaluated as indicators of 

cognitive load and encoding time.  The underlying assumption was that instructions imposing 

a smaller extraneous load would be encoded in less time. “An instructional format that 

imposes less cognitive load should require fewer extra looks, require less time for studying 

the instruction and still have more pieces correctly assembled after each look” (Pillay, 1998, 

p. 8).  Look duration was measured from the midpoint of the transition from gazing at the 

assembly to gazing at the instructions and vice versa (Figure 9). 

 

     
  14:02.003  14:02.032   14:03.118    14:03.324   14:03.403   14:03.986      
                          Start Look Time ------------------------------------- End Look Time      
 
 

Figure 9.  Sequence of video stills showing how the starting and ending points of look times 
were established as the visual mid-point between the work area and the instructions. 

Participant ratings on the visual analog scales were indicated by an “X” drawn on the 

scale by the participant using a marker.  The scales were each 10 cm in length and the rating 

was converted to a numerical value between 0 and 10.0 as measured from the left-most 

anchor.  The measurement was taken at the intersection of the two “X” segments.  When the 

intersection did not lie along the horizontal scale axis, the measurement was taken from the 

location on the scale that was perpendicular to the intersection of the “X” segments. 

Verbal protocols were captured using the bullet camera’s microphone and archived as 

an integrated part of the digital video.  They were transcribed and analyzed using Atlas.ti 

software.  Strict confidentiality was maintained by assigning and using codes in lieu of names 

for each participant. 
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3.4.6. Procedure 

3.4.6.1. Sessions 

Each child participated in a single, one-hour session, conducted in a quiet room in a 

local school or library.  Five children participated during their time in an after-school 

program at their local school.  Three of the sessions took place during the early afternoon on 

an early-release day (scheduled half-day of school) and two took place after a full day of 

school.  The remaining nineteen participants had their sessions on the weekend in the 

community room of the local library.   

The child was seated at a comfortable working height at a large table with the 

researcher seated at the side of the table adjacent to the child and to the child’s left.  The 

researcher and another adult (parent or research assistant) were present with the child at all 

times.  In exchange for participating, the children received a Polaroid photo of themselves 

with their assembly, a small toy chosen from a treasure box, and a snack and juice box.   

The researcher followed the relevant suggestions for studies with children listed in 

section 2.6.2.  These included dressing nicely but casually, taking brief notes in a small 

notebook, sitting, speaking in simple language, avoiding the use of the word “test,” and 

emphasizing how the child is helping. 

3.4.6.2. Session activities 

The session activities are outlined in Table 10.  Although twelve minutes were 

allotted for each of the five assemblies totaling 60 minutes, most children were able to finish 

several toys in significantly less time.  The children who experienced difficulty with the tasks 

at times abandoned the assembly before the end of the twelve minutes.  In all cases, children 

were able to complete the session within one hour’s time. 
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Table 10.  Usability Session Activities 

Phase Activity Form or Instrument 

Informed Consent 
Child’s Informed Assent 

Pre-Assembly Questionnaire 
Preparation Introductions, getting acquainted 

Rating Scale Training 

2-D K’NEX Assembly #1 up to 12 minutes Assembly Rating Instrument 

Watch think-aloud demonstration video  

2-D K’NEX Assembly #2 up to 12 minutes Assembly Rating Instrument 

3-D Toy Assembly #3 up to 12 minutes Assembly Rating Instrument 

3-D Toy Assembly #4 up to 12 minutes Assembly Rating Instrument 

Task 

 

3-D Toy Assembly #5 up to 12 minutes Assembly Rating Instrument 

Again-Again Table 

Ranking Instrument 

Structured Interview 
Evaluation Summative Evaluation 

Graphic Syntax Quiz 

 

Though the assemblies were quite different, some practice effects were still 

anticipated as the child applied acquired skills even to novel assemblies (Catalano & Kleiner, 

1984).  These practice effects were offset by alternating the presentation order of the two 2-D 

K’NEX toys and partially counterbalancing the remaining 3-D toys resulting in the six unique 

sequences shown in Table 11.  The orders were replicated in each Gender x Age group. 

 

Table 11.  Toy Assembly Presentation Orders Used In Study 

 Alternated Partially counterbalanced 
Order Assembly #1 Assembly #2 Assembly #3 Assembly #4 Assembly #5 

1 K’NEX Horizontal K’NEX Vertical BIONICLE Lincoln Log LEGO 
2 K’NEX Vertical K’NEX Horizontal BIONICLE LEGO Lincoln Log 
3 K’NEX Horizontal K’NEX Vertical LEGO BIONICLE Lincoln Log 
4 K’NEX Vertical K’NEX Horizontal LEGO Lincoln Log BIONICLE 
5 K’NEX Horizontal K’NEX Vertical Lincoln Log LEGO BIONICLE 
6 K’NEX Vertical K’NEX Horizontal Lincoln Log BIONICLE LEGO 
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3.4.6.3. Think-Aloud procedure 

Concurrent think-aloud was used to tap into the child’s thoughts and insights as he or 

she assembled the toys.  Children were instructed as follows: “I want you say everything that 

you are thinking while you are putting the toys together.  I’m very interested in anything you 

can tell me, so please say everything clearly out loud so I can know what you are thinking.”  

The instructions were stated and re-stated uniformly and consistently prior to each assembly 

(Ericsson & Simon, 1993).  Children were not asked to do any additional processing or 

filtering which could have distracted from the task or been beyond the child’s capabilities.  

To help children gain a level of comfort with thinking-aloud, they were shown a 60 

second video of a child thinking-aloud while creating an ice cream sundae as depicted in 

Figure 10.  Children viewed a video featuring a child of the same gender as themselves (e.g. 

girls watched a girl).  There is some evidence that young children, particularly boys, attend 

more to television characters of the same gender (Luecke-Aleksa, Anderson, Collins, & 

Schmitt, 1995; Slaby & Frey, 1975).  Both the girl and boy versions of the video were filmed 

in the same locale, used the same ingredients, and featured a six-year-old child.   

 

 

Figure 10.  Still picture from the think-aloud demonstration video 
 (child’s face was not obscured in video). 
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3.5. Results 

The findings are generally presented in the order of data collection (Table 10): 

previous experience, performance, instruction looks, ratings and rankings, and usability 

incidents.  The primary independent variables were age, gender, and toy (within subjects).  

The independent variables, order and previous experience, were assessed and described only 

if significant.  As this was an exploratory and descriptive study, the required level of 

significance was set to α < 0.10.  

3.5.1. Previous experience 

Participants were asked to respond to questions regarding the types of building toys 

they had used, the frequency with which they built, and their enjoyment level (Appendix  F).  

This information allowed for equivalence comparisons among Age x Gender groups.   

To assess previous extent of building experience, participants were presented with a 

page depicting eight commonly available building toys (see Appendix  G) and asked as part 

of the pre-assembly questionnaire to indicate if they had a lot, a little, or no experience 

working with each.  Each response corresponded to a value of 2, 1, and 0 respectively.  The 

values of the eight responses were summed to produce a number between 0 and 24 that 

represented extent of building experience.  Mean experience was 5.75 (SD = 2.80) with levels 

ranging from 1 to 12.  A two-way factorial ANOVA on age and gender revealed a significant 

difference in extent of 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). 

Because of the gender differences, when a significant gender effect was detected, the 

effect of experience was evaluated to determine which had the greater impact.  To reduce the 

number of levels of the factor, which ranged from 1 to 12, participants scoring 1 – 5 were 

placed in experience level 1; scores of 6-12 were level 2.  This created two equal-sized 

experience level groups of 12 participants each.  

Examining the extent of building experience by toy (Table 12) revealed that LEGO 

and MegaBloks (interconnecting blocks) were the most commonly used building construction 

toy regardless of age or gender.  Hot Wheels were used more regularly by the nine-year-olds 

than the six-year-olds (Figure 11).  Five toys were reported as used significantly more 
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frequently by boys than girls (Figure 12): LEGO/MegaBloks, K’NEX, Hot Wheels, 

BIONICLE, and Tinker Toys.  

 

Table 12.  Mean (+SD) Extent of Experience by Age, Gender, and Toy (n = 6) 

 Boys Girls 
 6 years 9 years 6 years 9 years 
n = 6     M     SD     M    SD     M     SD     M     SD 
LEGO/MegaBloks*  1.67 0.52 1.83 0.41 0.83 0.41 1.33 0.52 
Lincoln Log 0.83 0.84 1.00 0.41 0.83 0.82 1.00 0.84 
K’NEX* 1.33 0.75 1.00 0.63 0.00 0.75 0.50 0.00 
Hot wheels*# 0.83 0.82 1.33 0.63 0.00 0.00 0.67 0.84 
Gears 1.00 0.89 0.33 0.75 0.33 0.41 0.67 0.41 
BIONICLE* 1.00 0.84 0.83 1.03 0.17 0.55 0.17 0.52 
Tinker Toys* 0.50 0.89 0.67 0.52 0.50 0.52 0.33 0.52 
Playmobil 0.50 0.98 0.17 0.82 0.33 0.00 0.50 0.52 

Note: values range from 0 (no experience) to 2 (a lot of experience) 
* significant gender difference  # significant age difference by Fisher Exact Test (p < 0.10) 
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* significant age difference by Fisher Exact Test (p < 0.10) 

Figure 11.  Reported experience with toys in pre-assembly questionnaire by age (n =12). 
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* significant gender difference by Fisher Exact Test (p < 0.10) 

Figure 12.  Reported experience with toys in pre-assembly questionnaire by gender (n =12). 

 

3.5.1.1. Previous building frequency 

Children were asked about the frequency with which they played with building toys 

and chose among never, once in a while, once a week, or most days.  When frequencies were 

grouped into most days, and less than most days (Table 13), a one-tailed Fisher Exact Test 

produced a significant difference by gender for previous frequency (p = 0.08) with more boys 

building most days (5) than girls (1).  Somewhat surprisingly, extent of building experience 

and building frequency were not significantly correlated. 

 

Table 13.  Previous Building Frequency by Gender 

Building Frequency Girls Boys total 
Most days 1 5 6 
Once in a while or once a week 11 7 18 
total 12 12 24 

 

3.5.1.2. Previous use of instructions 

To determine how children used instructions, children were asked to indicate if they 

followed them closely, looked at them sometimes, or did not look at them at all.  Seven of the 

children indicated either that their parents used the instructions, or that they could not recall 
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using instructions.  One standout group was the nine-year-old boys, all of whom reported 

using the instructions with five of them indicating they followed the instructions closely 

(Table 14).  However, because children are conditioned to follow instructions from parents 

and teachers, they may have been biased toward answering in an expected way—that they 

follow instructions closely. 

 

Table 14.  Frequency of Responses to Previous Use of Instructions, by Age and Gender  

Boys  Girls When you build with instructions, 
 do you: 6 years  9 years  6 years  9 years 

Follow instructions closely 2  5  3  4 
Look at them sometimes 1  1  0  0 
Don’t look at them at all 1  0  0  0 
Other 2  0  3  2 

 

3.5.1.3. Previous enjoyment 

Eighteen of the twenty four participants reported building activities to be fun or really 

fun and five responded that it was a little fun.  Only in one case did a child, a six-year-old 

boy, indicate that building was not fun.  However, he reported building on a weekly basis and 

had a near average extent of experience as compared to his peers.  He was somewhat difficult 

to engage in the task and may have been expressing his indifference toward the task at that 

moment.   

 

3.5.2. Performance 

Objective, quantitative performance measures provided an indication of engagement, 

task difficulty, cognitive load, and the ability to recognize and correct errors.  The 2 x 2 x 5 

(Age x Gender x Toy) mixed-factor design was evaluated with an analysis of variance 

(ANOVA) using a SAS Proc Mixed model.  Effects due to order were analyzed and were not 

found to be significant in any of the performance measures. 
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Four six-year-old girls and two six-year-old boys did not continue the BIONICLE 

assembly for the full 12 minutes or to completion.  In addition, two participants, both six-

year-old girls, did not work with the Lincoln Logs for the fully-allotted time. 

3.5.2.1. Correct parts 

Correct parts were defined as an intended part fastened in the proper location and 

with the proper orientation.  This measure relates to the child’s ability to accurately interpret 

the instructions, assemble the object, and identify and rectify errors. 

Overall, children had the most success with the K’NEX toy, particularly the vertical 

build (Table 15) which was completed correctly by all the nine-year-olds, and by 50% of the 

six-year-olds.  Relatively few children were able to complete the other toys accurately.  A 

look at the total number of correct parts assembled by toy reveals significant age differences 

for all toys and gender effects for LEGO and BIONICLE (Table 16); there were no 

interaction effects.  In each case, the older children and boys out-performed their counterparts 

(Figure 13, Figure 14). 

 

Table 15.  Number of Children (n = 12) Completing the Assembly Correctly 

Toy six-year-olds nine-year-olds 
K’NEX vertical 6 12 
K’NEX horizontal 4 8 
LEGO 1 2 
Lincoln Log 0 3 
BIONICLE 0 3 

 

 

Table 16.  Effects of Age and Gender on Total Correct Parts by Toy 

 K’NEX vertical K’NEX horizontal LEGO Lincoln Log BIONICLE 
 F(1,21) p F(1,21) p F(1,21) p F(1,21) p F(1,21) p 
Age 8.48 0.008 5.44 0.030 6.73 0.017 8.90 0.007 13.32 0.002 
Gender 0.94 0.342 1.96 0.176 4.54 0.045 1.53 0.230 3.69 0.068 

Results shaded in grey are significant at the p < 0.10 level 
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Note:  All of the nine-year-old boys assembled the K’NEX Vertical completely and correctly. 
 

Figure 13.  Mean (+SE) number of correct parts assembled for each toy showing  
significant age differences within each toy (p < 0.01), n = 12. 
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Figure 14.  Mean (+SE) number of correct parts assembled showing  
gender differences for LEGO and BIONICLE (p < 0.01) , n = 12. 

 

3.5.2.2. Correct parts per minute 

To objectively compare the number of correct parts assembled across toys, it was 

necessary to standardize measures to account for varying assembly times or numbers of parts.  

For instance, the K’NEX vertical build was completed in a mean time of 1.92 min (SD =.82) 

while the Lincoln Log required most of the 12 allowable minutes at 11.65 min (SD = 1.53).  

To allow for valid comparisons of correct parts assembled, a measure of correct parts per 

minute was calculated by dividing the total number of correct parts assembled by the total 
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assembly time (not including page-turning time if applicable).  Correct parts per minute and 

total parts per minute (which includes incorrect parts), were significantly correlated (r [118] = 

0.98, p < 0.0001) and thus largely redundant.  Analysis was therefore conducted on correct 

parts per minute. 

Age (F [1,20] = 11.26, p =.0031) and toy (F [4,80] = 63.56, p < .001) were each 

significant main effects (Figure 15).  Gender (F [1,20] = 2.42, p = .136) approached 

significance.  The nine-year-olds (M = 5.45, SD = 3.23) were able to assemble significantly 

more correct parts per minute than the six-year-olds (M = 3.02, SD = 2.44).  There were 

significant differences between all toy pairings except between the K’NEX horizontal and 

Lincoln Logs.  The mean correct parts per minute are given by toy in Table 17 and by toy and 

age in Figure 15. 

Table 17.  Correct Parts Assembled Per Minute by Toy (n = 24) 

Toy M SD 
 Tukey 

Groups 
K'NEX Vertical 6.04 2.85  A 

K'NEX Horizontal 3.31 1.46   B 

Lincoln Log 4.48 2.94   B 

LEGO 2.84 1.69    C 

BIONICLE 0.57 0.43     D 

Means that do not share a common letter differed significantly in post-hoc Tukey tests (p<0.10) 
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Figure 15.  Mean (+SE) correct parts per minute by toy and age (n = 12). 
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When each of the prior knowledge variables were entered into the model in turn, 

previous building frequency was found to be significant (F [2,13] = 5.59, p = .018) in 

addition to age and toy and gender was not significant.  Post-hoc Tukey tests revealed that 

children who indicated they built most days were able to assemble significantly more correct 

parts per minute (M = 5.82, SD = 3.63) than those who indicated they built only occasionally 

(M = 3.50, SD = 2.73) or weekly (M = 3.91, SD = 2.74) as shown in Figure 16.   
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Means that do not share a common letter differed significantly in post-hoc Tukey tests (p<0.10) 

Figure 16.  Mean (+SE) correct parts per minute by previous building frequency. 

 

3.5.2.3. Incorrect parts 

Incorrect parts reflects the number of components in error in the final assembly and is 

a manifestation of incorrect evaluation, execution, or error identification or correction.  A part 

was considered incorrect when it was the wrong part and/or was attached incorrectly in the 

final assembly.  Misfit parts, or those that were incorrect but fixed prior to the final assembly, 

were analyzed for the LEGO toy and are described in section 3.5.2.4.   

Of the 120 observations, 62 final assemblies had no incorrect parts, highly skewing 

the data and prohibiting parametric analysis.  Raw error rates were converted to a percentage 

based on the total number of assembled parts.  The Kruskal-Wallis one-way analysis of 

variance test on the percent of incorrect parts revealed that toy was highly significant (χ2 [4, 

N=120] = 18.25, p = 0.001).  Pairwise comparisons were conducted by toy, again using 

Kruskal-Wallis test with a Bonferroni adjustment (α/comparisons or 0.10/10) such that the 

adjusted α = 0.01.  Significant differences (p < 0.01) were found between the K’NEX vertical 
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build and Lincoln Log, LEGO, and BIONICLE as well as between the K’NEX horizontal 

build and BIONICLE (Table 18, Figure 17). 

Across all toys, there were significant differences by age (χ2 [4, N=120] = 16.02, p < 

0.0001) and gender (χ2 [1, N=120] = 4.47, p = 0.0345).  Comparisons among age groups by 

gender and among gender groups by age revealed differences (with Bonferroni adjusted 

α=0.025) between the six-year-old and nine-year-old girls (χ2 [1, N=60] = 12.38, p = 0.0004) 

as well as between the six-year-old girls and six-year-old boys (χ2 [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 18). 

 

Table 18.  Percent Incorrect Parts by Toy (n = 24) 

Toy Range M SD Groups 
K'NEX Vertical 0 – 2 2% 5.0% A 
K'NEX Horizontal 0 – 3 5% 7.4% AB 
Lincoln Log 0 – 37 11% 18.4%  BC 
LEGO 0 – 7 11% 12.0%   C 
BIONICLE 0 - 8 20% 23.4%   C 

Means that do not share a common letter differed significantly in post-hoc Kruskal-Wallis tests (p<0.01) 
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Means that do not share a common letter differed significantly in post-hoc Kruskal-Wallis tests (p<0.01) 

 

Figure 17.  Mean percent (+SE) of incorrect parts by toy (n = 24). 
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Figure 18.  Mean (+SE) percent of incorrect parts by age and gender (n = 30). 

Age differences for incorrect parts were detected for all toys with the exception of 

Lincoln Logs (Table 19).  The older children had error rates that were less than half that of 

the younger children.  A gender difference was detected only for the LEGO toy (χ2 [1, N=24] 

= 7.24, p = 0.007) with girls having an average of a 16.4% (SD = 13.15) error rate and boys a 

4.76% (SD = 7.24) error rate. 

 

Table 19.  Age Differences for Percentage Of Incorrect Parts By Toy 

 6 years 9 years   
 M SD M SD χ2 [1, N=24] p 
K’NEX Vertical 4.0% 6.6% 0% 0% 4.56 0.033 
K’NEX Horizontal 8.4% 8.4% 1.2% 4.1% 6.32 0.012 
Lincoln Log 13.1% 21.3% 8.9% 15.5% 1.45 0.228 
LEGO 14.6% 13.8% 6.6% 8.7% 2.88 0.090 
BIONICLE 29.4% 24.4% 10.0% 18.5% 4.27 0.039 

  

Since a gender effect was detected, the Kruskal-Wallis test was repeated on 

experience level (see section 0 for the description of this factor); it was found to be significant 

(χ2 [1, N=120] = 3.50, p = 0.061).  Of the two experience level groups, those with the less 

experience had a significantly larger percentage of incorrect parts (M = 12%, SD = 18%) as 

compared to those with more experience (M = 7%, SD = 13%).  However, the effect of 

gender was greater than that of experience level. 
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3.5.2.4. Misfits and omissions with LEGO 

To better understand the nature of the assembly errors, an in-depth analysis of all in-

process and final misfits, omissions, incorrect part selections, extra parts, and instances of 

color confusion was undertaken with the LEGO toy.  The LEGO toy was selected because the 

parts were distinguishable on video, and it was a moderate level of difficulty.  The K’NEX 

toys had too few problems to be a source of rich study.  The uniform coloring on the 

BIONICLE and Lincoln Log made it difficult to consistently and reliably recognize and 

accurately quantify the many types of errors from the video.   

As with other measures, it was necessary to standardize errors to allow for 

meaningful comparisons among children who worked at different paces and achieved 

different states of completion within the allotted time.  Therefore, each type of error was 

divided by the total number of assembled parts to yield a ratio of occurrences to completed 

parts.  The data was evaluated with a 2 x 2 (Age x Gender) ANOVA using SAS’s Proc GLM 

model and the results are given in Table 20.  The comparisons are summarized in Figure 19 

and Figure 20.  

 

Table 20.  Effects of Age and Gender on Error Type 

Sqrt(Omitted Parts ) Sqrt (Incorrect Part) Misfit Parts All are per Total 
Assembled Parts F(1,20) p F(1,20) p F(1,20) p 
Age 2.31 0.14 7.77 0.01 5.000 0.04 
Gender 4.43 0.05 8.68 0.01 1.84 0.19 
Age x Gender 3.06 0.09 0.76 0.39 0.48 0.49 

Results shaded in grey are significant at the p < 0.10 level 
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Figure 19.  Mean (+SE) occurrences of omitted parts and incorrect parts with  
the LEGO toy by age and gender (n = 6). 
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Figure 20.  Mean (+SE) occurrences of misfit and extra parts  
with the LEGO toy by age (n = 12). 

 

Omitted parts revealed areas that were overlooked on the instructions.  It included 

parts that should have been added at a particular stage of completion.  To clarify, if a 

participant omitted a part from step three, then realized and corrected it at step five, it would 

count as an omission although not a final error.  If the participant had completed through step 

six only in the allotted time, the lack of parts from steps seven onward would not be counted 

as an omission.  The omitted LEGO parts and frequencies are given in Table 21.   
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Table 21.  Omitted LEGO Parts – Frequency by Age and Gender 

  Girls Boys 
Step Part description 

Total 
Frequency 6 years 9 years 6 years 9 years 

6 red 1x1 with pivot attachments 13 4 of 6 2 of 6 5 of 6 2 of 6 
6-2 red 1x2 with hinge 2 2 of 6       
6-2 white tail cap 2 2 of 6       
7 orange 1x2 over red 1x1s 20 6 of 6 5 of 6 3 of 6 6 of 6 
7-1 red hinge 4 4 of 6       
7-2 red wing 1 1 of 6       
8 antennae 6 1 of 4* 3 of 6 2 of 5*   
9 black caps 1       1 of 6 
9 orange caps 5 1 of 1* 2 of 5*   2 of 6 

not all participants reached this step so the frequency is in relation to smaller group size. 
 

 

The number of omissions per participant ranged from 0 to 6 (M=2.25, SD=1.29).  The 

data deviated from normality needed for an ANOVA with Shapiro-Wilk’s W = 0.69 (p < 

0.001) so a square-root transformation of omitted parts per total assembled parts was used to 

better approximate normality resulting in Shapiro-Wilk’s W = 0.88  (p < 0.001).  A 

significant interaction of Age x Gender (Figure 19) was identified (F [1,20] = 3.06, p = .09) 

as six-year-old girls were found to have a significantly higher rate of omissions (M = 0.22, 

SD = 0.17) than the three other groups (M = 0.078, SD = 0.036). 

When general experience level was included, age became insignificant and a Gender 

x Experience Level interaction emerged (F [1,17] = 3.24, p = .09) as shown in Figure 21.  

The girls with greater levels of experience actually omitted significantly more parts than the 

other groups.  Previous experience level with LEGOs in particular had no effect. 
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n = 2 for low-experience boys and high-experience girls 
n = 10 for high-experience boys and low-experience girls 

Figure 21.  Mean number of omitted LEGO parts (+SE) by general experience level and 
gender showing more experienced girls with significantly more omitted parts. 

 

Incorrect parts chosen indicated an error in identifying or selecting a correct 

component for the assembly.  These are shown in Table 22.  The number of instances per 

participant ranged from 0 to 8 (M=2.41, SD=2.12).  Participants at the higher end of the range 

typically made multiple incorrect attempts to locate and attach a single correct part.  A 

square-root transformation of incorrect parts chosen per total assembled parts was used to 

improve Shapiro-Wilk’s W to W = 0.93, p=0.08 from W = .84   p=0.001).  Significant effects 

were found for both age and gender, such that boys (M = 0.08, SD = 0.13) were less likely 

than girls (M = 0.17, SD = 0.12) to select an incorrect component and nine-year-olds (M = 

0.07, SD = 0.08) were less likely than six-year-olds (M = 0.18, SD = 0.15) to select an 

incorrect component. 
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Table 22.  Total Occurrences of Incorrect LEGO Parts Chosen by Age and Gender 

  Girls Boys 
Step Part description 

Total 
Frequency 6 years 9 years 6 years 9 years 

2 black jets 3 2  1  
2 black 2x2 7 4 2 1  
4 orange 1x2 with attachment 6 4 1 1  
5 red ramp 8 6 2   
6 red 1x1 with pivot attachments 2  1 1  
6-2 red 1x2 with hinge 3 1  2  
6-2 white tail cap 4  2 2  
7-1 red hinge 1   1  
7-2 red wing 7 3 1 2 1 
7-3 orange wing 7 2 2 2 1 
8-2 red wing 3 1 1  1 
8-3 orange wing 3 1 2   

General experience level had no effect when entered into the model; however, when 

LEGO experience was added, it was significant (F [1,17] = 6.99, p = .02) as children with 

little experience chose incorrect parts an average of 0.19 (SD = 0.14) times per minute 

whereas those with lots of experience chose incorrect parts an average of 0.043 (SD = 0.04) 

times per minute.  Gender and age were no longer significant in this model, but an Age x 

Gender interaction emerged (F [1,17] = 5.44, p = .03) as shown in Figure 22 as well as an 

Age x LEGO experience interaction (F [1,20] = 4.63, p = .05) as shown in Figure 23.   
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Figure 22.  Interaction effect of age and gender on mean number of incorrect parts chosen per 
minute (+SE) showing the nine-year-old girls as selecting more incorrect parts than the nine-

year-old boys (n = 6). 
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Figure 23.  Interaction effect of LEGO experience level and age on mean number of incorrect 
parts chosen per minute (+SE) showing the less experienced six-year-olds as selecting more 

incorrect parts than other groups  (n = 6). 

 

 

Misfit parts are correct parts that are connected in the incorrect location or in the 

incorrect orientation.  The instances of misfits are given in Table 23.  The number of misfits 

per person varied from 0 to 5 occurrences (M = 2.12, SD = 1.60).  Age was a significant 

factor (Figure 20) such that the six-year-olds (M = 0.13, SD = 0.062) had significantly more 

misfits per total assembled parts than the nine-year-olds (M = 0.068, SD = 0.081).  

As the LEGO set contained more parts than were required for each build, extra parts 

were sometimes attached to the build.  Five six-year-old participants, two boys and three 

girls, added one or two extra parts not called for by the instructions (Figure 20).  A Fisher 

Exact Test revealed that the younger children had greater likelihood of including extra parts 

than the older children (p = 0.04).  
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Table 23.  Misfit LEGO Parts – Frequency by Age and Gender. 

  Girls Boys 
Step Part description 

Total 
Frequency 6 years 9 years 6 years 9 years 

2 black jets 3 1 of 6 1 of 6 1 of 6  
4 orange 1x2 with attachment 2  1 of 6 1 of 6  
5 red ramp 9 3 of 6 2 of 6 3 of 6 1 of 6 
6 red 1x1 with pivot attachments 1   1 of 6  
6-1 brown 1x4 3 3 of 6    
6-2 white tail cap 1    1 of 6 
7 orange 1x2 over eye attach. 1   1 of 5*  
7-1 red hinge 1   1 of 5*  
7-2 red wing 5 2 of 6 2 of 6 1 of 5*  
7-3 orange wing 9 3 of 5* 3 of 6 2 of 5* 1 of 6 
8 antennae 1   1 of 5*  
8-1 red hinge 1    1 of 6 
8-2 red wing 3  2 of 6   
8-3 orange wing 7 2 of 3* 3 of 6 1 of 5* 1 of 6 
 black caps 1    1 of 6 
 orange caps 1   1 of 4*  

* not all participants reached this step so the frequency is in relation to smaller group size. 

 

Incidences of color confusion were noted with the LEGO toy because the colors used 

in the instructions were not identical to the true color.  In particular, the orange pieces 

appeared yellow in print and the black pieces appeared grey.  Additional confusion was 

caused by shadings such as that used on the white button in step six.  Of the six-year-olds, 

eight experienced color confusion (21 total incidences), and of the nine-year-olds, only one.  

This is a highly significant age difference (Fisher Exact Test, p = 0.009). 
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3.5.3. Looks 

Video analysis was used to determine the frequency and duration of the participant’s 

looks at the instructions.  These measures provide information on encoding times and needed 

formation and reactivation inspections.  The process for determining and calculating look 

times is described in detail in section 3.4.5 and shown in Figure 9.  The start and stop times 

were recorded for a total of 5143 looks across all participants and toys.  The number of looks 

varied widely from a low of 5 looks for a nine-year-old boy to complete the K’NEX vertical 

correctly to a high of 108 looks for a nine-year-old girl to build the Lincoln Log fort with just 

two parts omitted.  The mean number of looks was 42.86 (SD = 26.44).  The mean duration 

of looks was 2.78 s (SD = 1.60), ranging from fractions of a second to over a minute for each 

look.  However, the raw measure of numbers of looks could not be compared accurately 

because of varying assembly times and completion rates, so the look variable was 

standardized as a measure of looks per correct part. 

3.5.3.1. Look duration 

A mixed-factor ANOVA showed main effects of age (F [1,20] = 18.87 p = 0.0003) 

and toy (F [4,80] = 82.22 p < 0.0001) as well as interactions of Age x Gender (F [1,20] = 

2.99 p = 0.10 ) and Age x Toy (F [4,80] =4.47 p = 0.003).  Experience level, when entered 

into the model, was not significant. 

Post-hoc evaluations of the main effect of toy using the Tukey HSD test showed that 

the BIONICLE, LEGO, and Lincoln Log were each different from one another and different 

from the K’NEX toys with p < 0.0001 (Figure 24, Table 24).  The K’NEX toys were not 

significantly different from each other.  The Gender x Age interaction occurred primarily 

because the nine-year-old girls had a much smaller look duration (M = 2.26, SD = 0.96) than 

the six-year-old girls (M = 3.87, SD = 1.87), yet there was no significant age difference 

among boys (Figure 25).  There was no gender effect by age.  The Age x Toy effect was 

attributable to a lack of age difference in the K’NEX vertical that was found with all other 

toys as shown in Figure 24. 
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Figure 24.  Mean (+SE) look duration by toy and age (n = 12). 

 

Table 24.  Look Duration (s) by Toy (n = 24) 

Toy M SD Tukey 
Groups Min Max 

K’NEX Vertical 1.75 0.59 A 0.99 3.38 
K’NEX Horizontal 1.95 1.05 A 0.87 5.59 
LEGO 2.60 0.68  B 1.53 4.02 
Lincoln Log 3.80 0.98   C 2.37 5.95 
BIONICLE 4.81 1.82    D 1.99 8.91 

Means that do not share a common letter differed significantly in post-hoc Tukey tests (p<0.10) 
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Figure 25.  Interaction effect of Age x Gender on mean look duration (+SE) with a significant 
difference between the six- and nine-year-old girls only (n = 30). 
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Another useful perspective of look duration was the distribution of the durations 

(Figure 26).  Excessively long looks (> 10 s) may have indicated evaluation difficulties or 

some type of cognitive dissonance, while very brief looks (< 1 s) pointed to reactivation 

inspections.  Pairwise Chi-squared comparisons of the relative distributions showed no 

differences when comparing the two K’NEX toys but significant differences (p < 0.01; 

α=0.10/10 with Bonferroni correction) among all other pairwise comparisons of distributions 

(Table 25) 
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Note: Distributions with different letters are significantly different by the Chi-squared test, p<.05. 

Figure 26.  Distribution of look time by toy (n = 24) 

 

Table 25.  Distribution of Raw Numbers of Looks by Duration and Toy 

 < 1 s 1 to < 5 s 5 to <10 s >10 s 
K’NEX Vertical 110 227 9 2 

K’NEX Horizontal 154 334 21 8 
Lincoln Log 203 1104 228 84 

LEGO 245 1023 139 29 
BIONICLE 115 759 197 114 

 

The final analysis of instruction encoding time was the average total look time, 

without regard to number of looks, to assemble each correct part.  To clarify, if 8 looks of 1.5 

second each were needed to assemble 3 parts, that results in an average look time per correct 

part of (8 x 1) / 3 =  4.0 s.  Look time per correct part was skewed right such that Shapiro-

Wilk’s W = 0.51 (p < 0.0001).  A natural log transformation normalized the distribution so 
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that W = 0.96 (p < .002).  A 2 x 2 x 5 (Age x Gender x Toy) mixed-factor ANOVA on the 

natural log of look time per correct part produced a significant Toy x Age interaction (F 

[4,80] = 2.27 p = 0.069).  Age effects were noted for Lincoln Log (F [1,80] = 3.36, p = 0.07), 

LEGO (F [1,80] = 4.36, p = 0.04) and BIONICLE (F [1,80] = 9.55, p = 0.003).  In each of 

these cases, the look time per correct part for six-year-olds was higher than for nine-year-olds 

(Figure 27, Table 26).  

Main effects of toy (F [4,80] = 146.32, p < 0.0001) and age (F [1,20] = 11.08, p = 

0.003) on look time per correct part were significant.  The nine-year-olds (M = 7.75, SD = 

12.94) consulted the instructions less time per correct part than did the six-year-olds (M = 

19.30, SD = 31.94).  Look time per correct part was significantly different among all toys 

(Table 26). 
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Figure 27.  Mean (+SE) look duration per correct part by toy and age (n = 12). 

 

Table 26.  Mean Look Duration per Correct Part by Toy and Age (n = 12) 

 six-year-olds nine-year-olds 
Toy 

Tukey 
Groups M SD M SD 

K’NEX Vertical A 2.85 2.01 1.77 0.85 
K’NEX Horizontal  B 4.89 3.69 2.28 1.29 
Lincoln Log   C 8.61 5.23 3.81 1.84 
LEGO    D 13.76 9.11 5.71 3.52 
BIONICLE     E 66.39 47.39 25.19 21.35 
Means that do not share a common letter differed significantly in post-hoc Tukey tests (p<0.10) 
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3.5.3.2. Look frequency 

Look frequency data was standardized by analyzing the average number of looks per 

correct part (on final assembly).  The measure was referenced to correct parts rather than total 

parts because in a few cases children disregarded the instructions somewhat.  The resulting 

data was put through a natural log transformation to better approximate a normal distribution.  

The Shapiro-Wilk W increased from 0.64 (p < .0001) to 0.94 (p = 0.0001)  

A mixed-factor 2 x 2 x 5 (Age x Gender x Toy) ANOVA was used on the natural log 

of number of looks per correct part.  Previous building frequency and experience were not 

significant when entered into the model.  The analysis revealed interactions of Gender x Toy 

(F [4,80] =2.74  p = 0.034 ) and Age x Toy (F [4,80] =2.44  p < 0.053) as well as a main 

effect of toy (F [4,80] = 90.82  p < 0.0001)  and age (F [1,20] = 4.32  p = 0.05).  Differences 

among toys are shown in Figure 28.  LEGO required significantly more looks per correct part 

than the K’NEX or Lincoln Logs.  The BIONICLE was associated with more looks and far 

greater variability than the other toys.  Analysis of the age main effect shows that the six-

year-olds, on average, needed 64% more looks per correct part than the nine-year-olds (M = 

4.12, SD = 4.69; M = 2.54, SD = 2.79). 
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Means that do not share a common letter differed significantly in post-hoc Tukey tests (p<0.10) 

Figure 28.  Number of looks per correct part by toy with means and quartiles (n = 24) 
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Gender comparisons within each toy showed that there were significant gender 

differences only with BIONICLE (F [1,80] = 8.68, p = 0.004).  With that toy, girls (M = 6.44, 

SD = 5.4) required more looks than boys (M = 10.82, SD = 5.49).  However, when the level 

of BIONICLE experience is added to the model and evaluated for the BIONICLE only, 

experience is highly significant (F [2,14] = 5.51, p = 0.017) and gender becomes highly 

insignificant indicating this result is due, in fact, to prior experience with BIONICLE. 

The effects of age within each toy revealed significant age differences only for 

BIONICLE (F [1,80] = 9.55, p = 0.003), LEGO (F [1,80] = 4.36, p = 0.04), and Lincoln Log  

(F [1,80] = 3.36, p = 0.07).  In each of these cases, the six-year-olds employed more looks 

than the nine-year-olds (Figure 29).   
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Figure 29.  Mean number of looks per correct part by toy, age, and gender (n = 6) 

 

3.5.3.3. Summary of look measures 

A comparison of the look data (Figure 30, Table 27) revealed significant differences 

among the measures.  While look measures discriminate among toys in a similar fashion, a 

single measure cannot completely describe the child’s interaction with the instructions.  For 

instance, mean look duration was significantly higher for Lincoln Log than LEGO.  However, 

look time per correct part was lower for Lincoln Log than for LEGO.  Another example is 
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that the mean look duration for BIONICLE did not appear to be disproportionate in relation 

to the Lincoln Logs or LEGO but look time per correct part was three to four times higher for 

BIONICLE than the other toys. 

 

Table 27.  Comparison of ANOVA Results for Look Data 

Results shaded in grey are significant at the p < 0.10 level 
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Figure 30.  Comparison of look frequency and duration measures by toy (n = 24).  

 

There was an expected moderate inverse relationship between look duration and look 

frequency r (118) = -0.70 (p < 0.0001) such that those who looked more frequently at the 

instructions looked for a shorter duration.  There were moderate relationships between look 

  Look Duration Ln Look Time  
per Correct Part 

Ln Number of Looks  
per Correct Part 

  F P F P F p 
Age F (1, 20) 18.87 0.0003 11.08 0.003 4.32 0.05 
Gender F (1, 20) 0.39 0.540 2.11 0.16 2.57 0.12 
Age x Gender F (1, 20) 2.99 0.10 0.45 0.51 0.00 0.95 
Toy F (4, 80) 82.22 <.0001 146.32 <.0001 90.82 <.0001 
Age x Toy F (4, 80) 4.47 0.0026 2.27 0.07 2.44 0.053 
Gender x Toy F (4, 80) 0.84 0.507 1.59 0.18 2.74 0.03 
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and performance measures (Table 28).  More looks or longer looks were associated with 

fewer correct parts per minute and a higher percentage of incorrect parts. 

 

Table 28.  Correlations Between Looks and Performance 

n=120 
 Correct Parts  

Per Minute 
Percent  

Incorrect Parts 
Look Time per  

Correct Part 
r 
p 

-0.52 
<.0001 

0.56 
<.0001 

Number of Looks per 
Correct Part 

r 
p 

-0.62 
<.0001 

0.62 
<.0001 

Time Per Look r 
p 

-0.59 
<.0001 

0.46 
<.0001 

 

In summary, when comparing toys by looks and performance, the K’NEX toys 

typically yielded the most favorable results, and the BIONICLE the least favorable.  Lincoln 

Log fared better than LEGO on all measures except for the percentage of incorrect parts, for 

which there was no significant difference.   

 

3.5.4. Subjective evaluation 

3.5.4.1. Ratings 

Ratings of fun, ease, and frustration were collected using a visual analog smile-

anchored scale (see section 3.4.4).  The distance of the child’s marking on the lines was 

converted to a ratio value between 0 and 10.0.  

There were no effects of age or gender for the frequency with which children selected 

an extreme rating (0 or 10) or marked directly on one of the five equidistant hash marks.  Of 

the 360 ratings solicited, 154 (43%) were an extreme rating and 234 (65%) were placed 

directly on a hash mark. 
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Mean ratings are shown in Figure 31.  Effects of gender, age, and toy on ratings were 

analyzed using SAS Proc Mixed on the 2 x 2 x 5 ANOVA (Table 29).  Previous experience 

variables were not found to be significant when added to the models.  

 Toy was a significant factor for each of the three ratings.  Post-hoc comparisons, 

however, yielded slightly different results (Table 30).  There was little differentiation among 

rating-fun with only the BIONICLE rated as significantly less fun than the other toys.  

Rating-ease had fewer toys in each Tukey group than did rating-frustration, perhaps 

indicating greater sensitivity and discrimination.  
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Figure 31.  Mean ratings (+SE) of ease, frustration, and fun by toy (n = 24). 

 

Table 29.  ANOVA Results For Ratings Of Ease, Frustration, And Fun 

Results shaded in grey are significant at the p < 0.10 level 

 

  Ease Frustration Fun 
  F P F P F p 

Age F (1, 20) 0.22 0.64 0.04 0.85 0.19 0.67 
Gend F (1, 20) 3.12 0.09 2.63 0.12 0.59 0.45 
Age x Gend F (1, 20) 0.05 0.82 0.34 0.57 4.61 0.04 
Toy F (4, 80) 14.95 <.0001 12.92 <.0001 8.90 <.0001 
Age x Toy F (4, 80) 2.27 0.07 0.50 0.74 3.30 0.015 
Gender x Toy F (4, 80) 0.53 0.71 2.27 0.07 0.90 0.47 
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Table 30.  Mean Ratings Of Ease, Frustration, And Fun By Toy (n = 24) 

 Ease Frustration Fun 

 M    SD 
Tukey 

Groups M    SD 
Tukey 

Groups M    SD 
Tukey 

Groups 
K’NEX vertical 8.90 2.39 A 9.18 1.99 A 7.96 2.30 A 

K’NEX horizontal 7.33 3.46 AB  8.22 1.99 AB 7.97 2.22 A  

LEGO 6.98 2.88  B 7.47 2.87 AB 7.72 2.42 A 

Lincoln Log 5.43 4.05  B 6.42 3.59  BC 7.03 3.16 A 

BIONICLE 3.06 3.85   C 4.28 4.07   C 4.54 3.40  B 

Means that do not share a common letter differed significantly in post-hoc Tukey tests (p<0.10) 

 

Rating-ease.  There was a significant interaction effect of Age x Toy on rating-ease.  

When age groups were compared by toy (Figure 32) it revealed that the only age difference 

existed in the K’NEX horizontal build (F [1,80]= 3.79, p = 0.055) where the nine-year-olds 

rated it as easier (M = 8.66, SD = 1.16) than the six-year-olds  (M = 6.00, SD = 4.45) did.  A 

main effect of gender showed that boys rated the toys higher (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. 
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Figure 32  Age x Toy interaction effect on mean (+SE) Rating – Ease (n = 12) 
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Rating-frustration.  A significant interaction effect of Gender x Toy was found with 

rating-frustration.  The interaction was due to gender differences only with the BIONICLE (F 

[1,80] = 9.75 p = 0.003) where boys rated the toy as less frustrating (M = 6.20, SD = 4.22) 

than girls (M = 2.37, SD = 2.96). 

Rating-fun.  There was an interaction effect of Age x Toy on rating-fun and age 

contrasts with each toy revealed age differences only for BIONICLE (F [1,80] = 5.16, p = 

0.026) and K’NEX horizontal (F [1,80] = 3.55, p = 0.063).  The older children rated 

BIONICLE as more fun (M = 5.75, SD = 3.46) than the younger children (M = 3.31, 

SD=3.00).  Conversely, the older children rated the K’NEX horizontal as less fun (M = 6.96, 

SD = 2.31) than the younger children (M = 8.98, SD = 1.64). 

The significant Age x Gender interaction is depicted in Figure 33.  There were 

significant differences between the nine-year-old boys and girls (F [1, 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.  Extent of previous experience had no effect on 

ratings-fun. 
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Figure 33.  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) 
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Correlations among Ratings.  Figure 31 depicted the relationships among ratings for 

fun, ease, and frustration.  The correlations are given in Table 31 and they showed a strong 

association (r [118] = 0.78, p < 0.0001) between ratings of ease and frustration.  Fun was less 

correlated with the other ratings, particularly among nine-year-olds. 

  

Table 31.  Correlations Among Ratings 

   Rating  
Ease 

Rating 
Frustration 

Rating  
Fun 

r 
p 

0.48 
<.0001 

0.48 
<.0001 Overall  

n=120 Rating 
Frustration 

r 
p 

0.78 
<.0001  

Rating  
Fun 

r 
p 

0.56 
<.0001 

0.50 
<.0001  

six-year-olds 
n=60 Rating 

Frustration 
r 
p 

0.73 
<.0001  

Rating  
Fun 

r 
p 

0.37 
0.0039 

0.46 
0.0002 nine-year-olds 

n=60 Rating 
Frustration 

r 
p 

0.85 
<.0001  

    
  

  

3.5.4.2. Rankings 

After working with all of the toys, participants were asked to rank order four toys 

(K’NEX, LEGO, Lincoln Log, and BIONICLE) with regard to ease, fun, frustration, and 

instructions.  Ranking-instructions was not included in the rating instrument as pilot studies 

indicated participants could not easily make an absolute judgment of good or bad instructions 

but could provide a relative ranking.  The K’NEX vertical and horizontal builds were not 

distinguished in the ratings because pilot studies revealed that participants had great difficulty 

distinguishing between the two builds.  Each toy was ranked one through four such that four 

was the highest ranking, representing the best of each level, and one was the lowest ranking.  

A non-parametric analysis with the Kruskal-Wallis test revealed significant 

differences among toys for each of the rankings as shown in Table 32.  For pairwise 

comparisons, α was adjusted with the Bonferroni correction such that α = 0.10/6 = 0.02.  The 

pairwise comparisons showed that as with the ratings, the fun construct resulted in fewer 

distinctions among toys than did rankings of ease and frustration.  The ranking of instructions 



 

 108 

showed a large difference between the BIONICLE and the other toys, with no distinction 

among the other three toys. 

Rankings were largely correlated (Table 33), with highest correlation between 

rankings of ease and frustration.  Fun was tightly coupled with frustration and ease among the 

six-year-olds.  Among the nine-year-olds the ranking of fun was not significantly correlated 

with ease. 

  

Table 32.  Differences by Toy among the Rankings 

 Ranking Frustration Ranking Ease Ranking Fun Ranking Instructions 
Toy M SD Groups M SD Groups M SD Groups M SD Groups 

K'NEX 3.71 0.62 A 3.79 0.59 A 2.79 1.06 A 3.25 1.11 A 

LEGO 2.71 0.75  B 2.88 0.61  B 2.92 0.83 A 2.96 0.75 A 

Lincoln Log 2.25 0.90  B 1.83 0.82   C 2.50 1.10 AB 2.46 0.93 A 

BIONICLE 1.38 0.77   C 1.54 0.78   C 1.75 1.11  B 1.38 0.71  B 

Kruskal-Wallis 
ANOVA: Toy 

χ2 (3, N=96) = 52.99  
p < 0.0001 

χ2 (3, N=96) = 59.32  
p < 0.0001 

χ2 (3, N=96) = 15.88  
p = 0.0012 

χ2 (3, N=96) = 38.20  
p < 0.0001 

Means that do not share a common letter differed significantly in post-hoc Kruskal-Wallis tests ( p< 0.0167) 
 
 
 

Table 33.  Correlations Among Rankings 

   Ranking 
Ease 

Ranking 
Frustration 

Ranking 
Fun 

Ranking 
Instructions 

rs 
p 

0.67 
<.0001 

0.73 
<.0001 

0.66 
<.0001 

Ranking Fun rs 
p 

0.52 
<.0001 

0.55 
<.0001  Overall  

n=96 
Ranking 

Frustration 
rs 
p 

0.89 
<.0001   

Ranking 
Instructions 

rs 
p 

0.86 
<.0001 

0.84 
<.0001 

0.82 
<.0001 

Ranking Fun rs 
p 

0.84 
<.0001 

0.80 
<.0001  six-year-olds 

n=48 
Ranking 

Frustration 
rs 
p 

0.87 
<.0001   

Ranking 
Instructions 

rs 
p 

0.48 
0.0001 

0.62 
<.0001 

0.50 
0.0003 

Ranking Fun rs 
p 

0.20 
0.1729 

0.30 
0.038  

nine-year-olds 
n=48 

Ranking 
Frustration 

rs 
p 

0.87 
<.0001   



 

 109 

 

Ratings and rankings are depicted in Figure 34 by toy and showed significant 

correlations (Table 34) among ranking-rating pairs (e.g. ranking-fun and rating-fun).  A 

comparison by age shows a greater ranking-rating correspondence for ease, frustration, and 

fun among the nine-year-olds than the six-year-olds and a lower correlation between ratings 

of fun and the rankings of ease and frustration (p < .10, one-tailed Fisher r-to-z 

transformation). 
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Figure 34.  Comparison of mean (+SE) ratings and rankings (n = 24) 
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Table 34.  Correlations Among Rankings and Ratings 

   Ranking 
Fun 

Ranking 
Ease 

Ranking 
Frustration 

Ranking 
Instructions 

Rating Fun rs 
p 

0.49 
<.0001 

0.34 
<.0001 

0.38 
<.0001 

0.41 
<.0001 

Rating Ease rs 
p 

0.26 
0.004 

0.49 
<.0001 

0.51 
<.0001 

0.33 
0.0003 

Overall  
n=120 

Rating Frustration rs 
p 

0.28 
0.002 

0.47 
<.0001 

0.46 
<.0001 

0.36 
<.0001 

Rating Fun rs 
p 

0.57 
<.0001 

0.52 
<.0001 

0.56 
<.0001 

0.54 
<.0001 

Rating Ease rs 
p 

0.38 
0.002 

0.34 
0.008 

0.43 
0.001 

0.33 
0.010 

six-year-olds 
n=60 

Rating Frustration rs 
p 

0.36 
0.005 

0.36 
0.005 

0.31 
0.016 

0.31 
0.017 

Rating Fun rs 
p 

0.37 
0.004 

0.14 
0.274 

0.16 
0.218 

0.26 
0.044 

Rating Ease rs 
p 

0.14 
0.303 

0.68 
<.0001 

0.62 
<.0001 

0.34 
0.008 

nine-year-olds 
n=60 

Rating Frustration rs 
p 

0.20 
0.121 

0.59 
<.0001 

0.61 
<.0001 

0.42 
0.001 

 

3.5.4.3. Correlations with ratings and rankings 

Another group of relationships examined was between ratings/rankings and look and 

performance measures (Table 35).  Rating-fun was moderately and inversely correlated with 

both look time per correct part and number of looks per correct part.  That is, the longer and 

more often one looked at the instructions, the lower the rating of fun.  Ease and frustration 

were correlated most strongly with time per look and correct parts per minute.  Thus, building 

performance (correct parts per minute) was related to ease and frustration, and looks 

(encoding time) were related to fun as well as ease and frustration.  Children did not 

necessarily need to build quickly to have fun, but they did not want to have to look at the 

instructions too long or too often. 

Rankings-ease and frustration were significantly more correlated with time per look 

than ratings-ease and frustration (p < .10, two-tailed Fisher r-to-z transformation).  Rating-fun 

was more strongly correlated with number of looks per correct part than ranking-fun.   
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Table 35.  Relationship Between Performance and Look Measures and Ratings and Rankings 

n=120 
 Correct Parts 

per Minute 
Look Time per 
Correct Part 

Number of 
Looks per 

Correct Part 
Time Per Look 

Rating Fun r 
p 

0.34 
0.0001 

-0.45 
<.0001 

-0.52 
<.0001 

-0.37 
<.0001 

Ranking Fun rs 
p 

0.19 
0.0406 

-0.23 
0.0013 

-0.26 
0.0039 

-0.12 
0.0307 

Rating Ease r 
p 

0.43 
<.0001 

-0.35 
<.0001 

-0.41 
<.0001 

-0.41 
<.0001 

Ranking Ease rs 
p 

0.48 
<.0001 

-0.58 
<.0001 

-0.40 
<.0001 

-0.67 
<.0001 

Rating Frustration r 
p 

0.43 
<.0001 

-0.37 
<.0001 

-0.46 
<.0001 

-0.31 
<.0001 

Ranking Frustration rs 
p 

0.51 
<.0001 

-0.28 
0.0021 

-0.47 
<.0001 

-0.63 
<.0001 

Ranking Instructions rs 
p 

0.41 
<.0001 

-0.46 
<.0001 

-0.37 
<.0001 

-0.46 
<.0001 
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3.5.4.4. Again-Again table 

Children completed an Again-Again table (Appendix J) and chose from responses 

yes, no, or maybe to indicate whether they would play with a toy again.  Figure 35 gives the 

response distribution by toy and age.  There was a significant age difference for the K’NEX 

toy (Fisher Exact Test, p = 0.065).  Figure 36 shows the responses and the significant effect 

of gender for BIONICLE (Fisher Exact Test, p = 0.024).  These responses were most strongly 

correlated with ranking-fun (rs [118] = 0.57, p < .0001) and rating-fun (rs [118] = 0.47, p < 

.0001).  The Again-Again response was not significantly correlated with performance or look 

measures. 
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Figure 35.  Responses to whether a child would play with a toy again  

by toy and age (n = 24). 
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Figure 36.  Responses to whether a child would play with a toy again  

by toy and gender (n = 24). 
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3.5.5. Verbal protocol 

3.5.5.1. Effect of think-aloud video 

Participants were asked to think-aloud to produce verbal protocols for content 

analysis.  As described in the methods section (section 3.3), children were shown a video 

demonstrating thinking-aloud after working with one of the two K’NEX assemblies.  The 

word count per minute for the K’NEX assembled before the video was compared to the word 

count per minute for the K’NEX assembled immediately after watching the video.  A 2 x 2 x 

2 x 2 ANOVA (Age x Gender x Order x K’NEX Toy) was used to assess any differences in 

word count per minute uttered by participants.  Because this analysis was limited to just the 

K’NEX assemblies, just two orders were represented: vertical–video–horizontal and 

horizontal-video-vertical.  Results showed an interaction of Order x Age (F [1, 17] = 3.62, p 

= 0.074) and main effect of order (F [1, 17] = 8.97, p = 0.0081).  The interaction was due to 

an order effect for nine-year-olds only (F [1, 17] = 12.00, p = 0.003).  The nine-year-olds 

uttered just M = 9.38 (SD = 15.51) words per minute prior to viewing the videotape, then M = 

34.08 (SD = 23.52) words per minute after.  Word count per minute after viewing the video 

was higher (F [1, 17] = 4.54, p = 0.048) for the nine-year-olds (M = 34.08, SD = 23.52) than 

the six-year-olds (M = 18.01, SD = 15.22). 
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Figure 37.  Interaction of Order x Age on word count per minute showing an  
order effect for nine-year-olds (n = 12) 
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A comparison of word counter per minute for all assemblies attempted after viewing 

the think-aloud video revealed a significant effect for age only (F [1, 20] = 3.43, p = 0.079).  

The nine-year-olds uttered far more words per minute (M = 33.0, SD = 23.4) than the six-

year-olds (M = 20.60, SD = 15.08). 

3.5.5.2. Utterances of hard and easy 

Utterances were analyzed for the presence of words and phrases that could be 

compared to the rating and ranking construct of ease (Table 36) as a means of validating the 

use of these instruments with children.  Both the number of instances and number of 

participants uttering a related phrase were noted as some children made multiple comments.  

Far more participants described the activities as hard than as easy (χ2 [1, N=24] = 9.46, p = 

0.003). 

 

Table 36.  Utterances Related to Hard, Easy and Fun.   

 
 

K’NEX 
vertical 

K’NEX 
horizontal LEGO 

Lincoln 
Log BIONICLE Total 

Instances 6 6 9 4 7 32 Easy 
Participants (n = 24) 5 3 8 4 6  
Instances 2 6 26 45 80 159 Hard 
Participants (n = 24) 1 5 9 16 17  

 

Each utterance was standardized into a frequency measure of occurrences per minute 

of assembly time then evaluated with a Kruskal-Wallis one-way analysis of variance.  The 

non-parametric approach was necessitated by a high number of zero values.  References to 

toys being hard were significantly different by toy (χ2 [4, N=120] = 30.52, p < 0.001).  

Differences among toys, using pairwise comparisons with the Kruskal-Wallis test and a 

Bonferroni adjustment (α = 0.10/10 = 0.01), are shown in Table 37 and Figure 38.  There was 

a difference due to age (χ2 [1, N=120] = 4.49, p = 0.034) because the mean number of 

utterances of hard was 2.3 times higher for the six-year-olds (M = 0.203, SD = 0.359) than 

the nine-year-olds (M = 0.087, SD = 0.188). 
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Table 37.  Mean Utterances of Hard Per Minute of Assembly Time by Toy (n = 24). 

Toy M SD Groups  
K’NEX Vertical 0.023 0.112 A 

K’NEX Horizontal 0.055 0.126 AB 

LEGO 0.107 0.197  BC 

Lincoln Log 0.162 0.201   C 

BIONICLE 0.376 0.497   C  

Means that do not share a common letter differed significantly in post-hoc Kruskal-Wallis tests (p<0.01) 

   A
A B

   C

   C
B C
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Figure 38.  Mean (+SE) utterances of hard per minute of assembly time 
by toy (n = 24) 

 

It was useful to examine how the frequency of hard utterances was correlated with 

subjective rankings and ratings (Table 38).  The strongest correlations were predictably with 

rankings of ease as well as rankings and ratings of frustration.  Another way of examining the 

relationship is that if the participant described the build as hard even once, he or she was far 

more likely to rank the build in the bottom half of the ranks (1 or 2) of ease, frustration, and 

fun (Table 39). 
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Table 38.  Correlations Between Utterances of Hard Per Minute of Assembly Time 
 and Ratings and Rankings (n = 24) 

 

 

Table 39.  Utterance of Hard: Low Rank (1 or 2) compared to High Rank (3 or 4) 

 Ease Frustration Fun 
n = 96 High rank Low rank High rank Low rank High rank Low rank 
Not Uttered 37 16 36 17 32 21 
Uttered 11 32 12 31 16 27 

 χ2 (1, N=96) = 18.58 
p < 0.0001 

χ2 (1, N=96) = 15.21 
p = 0.0002 

χ2 (1, N=96) = 5.10  
p = 0.04 

 

Among performance and look measures, the verbalizations frequency of hard were 

most highly correlated with correct parts per minute (r [118] = -0.37, p < 0.0001) and number 

of looks per correct part (r [118] = 0.35, p < 0.0001).  That is, participants commented on the 

activity being hard more often when they assembled fewer correct parts per minute and 

looked more frequently at the instructions. 

  
Utterances of 

Hard  
Per Minute 

   
Utterances of 

Hard  
Per Minute 

Rating Fun r 
p 

-0.31 
0.0007  Rating Frustration r 

p 
-0.40 
<.0001 

Ranking Fun rs 
p 

-0.27 
0.008  Ranking Frustration rs 

p 
-0.40 
<.0001 

Rating Ease r 
p 

-0.28 
0.002  Ranking Instructions rs 

p 
-0.35 
0.0005 

Ranking Ease rs 
p 

-0.45 
<.0001    
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3.5.5.3. Verbalized problem identification 

Another verbal protocol measure related to perceived difficulty may be the frequency 

with which participants identified a problem with the assembly.  There were 125 such 

instances and when converted to problems per minute of assembly time, the Kruskal-Wallis 

one-way analysis of variance showed a significant effect for toy (χ2 [4, N=120] = 21.30, p = 

0.0003).  Pairwise comparisons (Table 40) revealed that the median number of problems 

identified per minute for the K’NEX vertical was significantly lower than the others and the 

BIONICLE was significantly higher than either K’NEX toy.  The frequency of problem 

identification was significantly correlated with the frequency with which hard was uttered (r 

[118] = 0.40, p < .0001) and the number of correct parts assembled per minute (r [118] = -

0.34, p <.0001). 

 

Table 40.  Mean Number of Problems Identified Per Minute of  
Assembly Time by Toy (n = 24) 

Toy M SD Groups  
K’NEX Vertical 0.031 0.110 A 

K’NEX Horizontal 0.111 0.171  B 

LEGO 0.150 0.166  BC 

Lincoln Log 0.122 0.142  BC 

BIONICLE 0.195 0.168   C 

Means that do not share a common letter differed significantly in post-hoc Kruskal-Wallis tests (p<0.01) 
 

3.5.5.4. Other verbalizations 

Frequency counts for other categories of verbal protocols were tabulated as shown in 

Table 41 on the following page.  There were no significant quantitative gender or age-related 

differences among the categories with the exception of question asking, which included both 

rhetorical and outwardly-directed questions.  The Kruskal-Wallis test showed was a 

significant difference by age (χ2 [1, N=120] = 5.51, p = 0.02) in which the six-year-olds posed 

more questions (M = 0.25, SD = 0.42) per minute than did the nine-year-olds (M = 0.15, SD = 

0.37).  The frequency of question posing was not correlated with performance, look 

measures, or the ratings or rankings.   



 

  

 

Table 41.  Numbers of Comments by Age and Gender for Verbal Protocols by Category 

 Girls Boys   
 6 yrs 9 yrs 6 yrs 9 yrs TOTAL Sample Verbal Protocol 
Negative 
Impression  0 4 0 0 4  Oh, I’m not good with BIONICLE. ( 9 y.o. girl) 

 I don’t think I’m gonna finish this one. (9 y.o. boy, Lincoln Logs) 
Positive 
Impression 1 3 4 3 11  I’m used to building with Lincoln Logs ( 6 y.o. boy) 

 This looks easy!  (9 y.o. girl, K’NEX) 
Gender 
Comparison 0 6 0 0 6  I don’t know how boys do this (9 y.o. girl, BIONICLE) 

 I don’t like them.  Not many girls do. (9 y.o. girl, BIONICLE) 

Fun 3 3 0 9 15  Wait, actually, I like doing this! (6 y.o. girl, LEGO) 
 I love LEGOs! (9 y.o. boy, LEGO) 

Not Fun 7 10 3 1 21  Not really that fun, I don’t like things that are easy (9 y.o. boy, K’NEX) 
 I don’t like to do it. (6 y.o. girl, K’NEX) 

Off-Task 11 11 19 8 49 
 Sigh. That’s because I’m bored and a little tired (6 y.o. boy, Lincoln Logs) 
 I’m having a very busy day.  Cuz yesterday was my parent’s anniversary, and today there 

celebrating it so I have to have a babysitter, umm…and then… (9 y.o. girl, LEGO) 

Meta-cognitive 0 1 0 10 11 
 Basically if you skip at least one instruction, you might not get it done right.  Yeah you have to 

follow every single little detail to get it right. (9 y.o. boy, LEGO) 
 So you just kind of gotta really look and take the steps just like they are on here as if the toy 

is already built but you just have to try to copy it or something.  (9 y.o. boy, BIONICLE) 

Problem 
Identified 16 24 43 20 103 

 Yeah, I think it’s supposed to go like this, but it can’t really fit on, cause that’s in the way and 
that one’s in the way. (9 y.o. girl, LEGO) 

 Hrm. It does not look right. (9 y.o. boy, Lincoln Logs) 
Question 
Asking 44 31 66 13 154  How do you put this together?  (6 y.o. girl, K’NEX) 

 How do I start it?  I don’t see how I start it. (6 y.o. boy, Lincoln Logs) 

Procedural 
Statements 72 163 137 126 498 

 this one goes right here and this one goes right here. (9 y.o. girl, Lincoln Log) 
 Put it in, and then you take one of these red, and put it right there so these holes match up.  
 (9 y.o. boy, K’NEX) 
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3.5.6. Key usability factors 

This study included a large number of dependent measures with redundancies among 

them.  Data reduction, using principal component analysis (PCA), identified a set of key 

usability factors to allow for more efficient testing and data collection in future assessments.  

PCA was appropriate as it did not require a strong theoretical foundation for the proposed 

components as was required to conduct factor analysis.  The following variables were entered 

into the analysis:  

1. Percentage of Incorrect Parts 
2. Correct Parts Assembled Per Minute 
3. Look Frequency 
4. Look Duration 
5. Look Time per Correct Part 
6. Ranking Ease 
7. Rating Ease 
8. Ranking Fun 
9. Rating Fun 
10. Ranking Instructions 
11. Again-Again 
12. Verbal Protocol - Utterances of Hard per Minute of Assembly Time 
13. Verbal Protocol - Problems Verbalized per Minute of Assembly Time 
14. Extent of Building Experience 
15. Previous Building Frequency 

The PCA was conducted with all 120 observations (24 participants x 5 assemblies).  

This was above the suggested minimum—the larger of 100 or 5 times the number of variables 

entered into the model (5 x 15 = 75) (Hatcher, 1994).  Using the Kaiser criterion (Kaiser, 

1960), four factors with eigenvalues greater than one were retained accounting for 66% of the 

variance. 

An orthogonal varimax (variance maximizing) rotation was used to simplify the 

factor pattern by maximizing variance within a factor and minimizing variance around the 

factor.  The resulting four factors are given in Table 42 and describe distinct components.  

The Performance and Cognitive Load factor incorporated look times, which were reflective 

of cognitive load and performance.  The Satisfaction factor included the ratings and rankings 

but loaded most heavily on fun, instructions, and Again-Again.  Look time per correct part 

and ratings and rankings of ease had split loadings between Performance and Cognitive Load 

and Satisfaction showing that only some portion of a user’s subjective impression was related 
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to objective outcomes.  The third factor, Difficulty, encompassed the user’s verbal accounts of 

the activity being hard or problematic.  This factor included a portion of the fun rating and the 

number of errors.  The final factor, Previous Experience, was separate and distinct from other 

factors in both the unrotated and rotated factor patterns.  

 

Table 42.  Varimax Rotated Factor Pattern Showing Only Loadings > 0.30  (n = 120) 

 Performance 
& Cog. Load Satisfaction Difficulty Previous 

Experience 
Variance Explained by Each Factor 3.49 3.20 1.62 1.60 
Percentage of Incorrect Parts 0.71    
Correct Parts Assembled Per Minute -0.67  -0.39  
Look Frequency -0.81    
Look Duration 0.84    
Look Time per Correct Part 0.69 -0.37   
Ranking Ease -0.57 0.55   
Rating Ease -0.35 0.49   
Ranking Fun  0.86   
Rating Fun  0.69 -0.31  
Ranking Instructions -0.38 0.76   
Again-Again  0.79   
Verbal Protocol - Utterances of Hard per 
Minute of Assembly Time   0.71  

Verbal Protocol - Problems Verbalized per 
Minute of Assembly Time   0.86  

Extent of Building Experience    0.79 
Previous Building Frequency    0.78 

  

As the number of observations was limited, PCA was not suitable for comparing 

factor patterns between age groups.  However, as this was an exploratory analysis, it was 

useful to identify developmentally-related areas for potential future study.  To assist in the 

comparison, an adaptation of interrelationship digraphs, or directed graphs, were used to 

show the relationships among the many dependent variables for the six-year-olds (Figure 39) 

and the nine-year-olds (Figure 40).  Interrelationship digraphs (Brassard, 1989) were initially 

designed as a management tool in which cause-effect relationships among many factors were 

depicted graphically to help determine key driving forces.  In this application, directional 

arrows were not used because the relationships were not known to be causal.  Only factors 

that were significantly correlated with | r | > 0.30 were included and three line widths were 
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used to distinguish among three correlation strength groups.  As there were redundancies 

between ratings and rankings, the rankings were chosen for inclusion.   

Overall, there was greater connectedness among variables for the six-year-olds than 

for the nine-year-olds.  This is primarily evident among the rankings and the Again-Again 

variables which show more linkages for the six-year-olds.  Among the older group, rankings 

of fun were uncorrelated with objective factors and were related only to the subjective factors 

of instruction rankings and Again-Again selections.  Verbal references to toys being “hard” 

were related to more factors among the nine-year-olds including look, performance, and 

ranking measures.  Verbalizations of problem descriptions were tied to only to ranking data 

among the older children, but were inversely correlated with correct parts per minute.  So, the 

lower the productivity among the six-year-olds, the more often they spoke of problems.   
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Percent 
Incorrect 

Parts

Ranking
Ease

Look DurationAgain-Again

Number of 
Looks per 

Correct Part

Look Time per 
Correct Part

Look 
Frequency

Correct Parts 
per Minute

Verbal 
Protocol -

Utterances 
Problem 

Descriptions

Verbal 
Protocol -

Utterances
Hard

Ranking
Instructions

Ranking
Fun

Ranking 
Frustration

-0.37

0.89

-0.34

-0.56

-0.55

-0.53
0.46

0.51

-0.44

0.36

0.55

0.44
0.36

-0.60

-0.61

-0.56

0.86

0.83

0.52

0.57

-0.32

-0.35

-0.44

0.85

0.47

0.51

0.45

-0.40

-0.47

0.31

-0.45

0.93

-0.55

-0.48

-0.51

0.70

-0.39

0.30 < | r | < 0.50

0.50 < | r | < 0.70

0.70 < | r |

Extent of 
Building 

Experience

-0.33

0.30

 

Note: Shows only significant (p < 0.10) correlations over 0.30 among factors for six-year-olds.  Values shown are 
Pearson Product Moment Correlation Coefficients; correlations with ranking factors and again-again are 

Spearman’s Rank Correlation Coefficient. 

 

Figure 39.  Interrelationship digraph for six-year-olds. 
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Percent 
Incorrect 

Parts

Ranking
Ease

Look DurationAgain-Again

Look Time per 
Correct Part

Look 
Frequency

Correct Parts 
per Minute

Verbal 
Protocol -

Utterances 
Problem 

Descriptions

Verbal 
Protocol -

Utterances
Hard

Ranking
Instructions

Ranking
Fun

Ranking 
Frustration

-0.61

0.89

-0.44

-0.32

-0,35

-0.45

-0.57

-0.61

0.55

0.39

-0.420.50

0.53

-0.45

0.32

0.53

-0.66

-0.81

-0.43
-0.42

0.45
0.48

.63
0.51

-0.40

0.39

0.54

Number of 
Looks per 

Correct Part

0.97

-0.30

0.67

-0.67

0.30 < | r | < 0.50

0.50 < | r | < 0.70

0.70 < | r |

Extent of 
Building 

Experience

0.37

 

Note:  Shows only significant (p < 0.10) correlations over 0.30 among factors for six-year-olds.  Values shown are 
Pearson Product Moment Correlation Coefficients; correlations with ranking factors and again-again are 

Spearman’s Rank Correlation Coefficient. 

 

Figure 40.  Interrelationship digraph for nine-year-olds.   
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3.5.7. Graphic syntax 

The participant’s final task in the usability session was to respond to a group of 

questions related to their understanding of the graphic syntax incorporated into the assembly 

instructions.  They were asked to describe each element as it was pointed out by the 

researcher.  In most cases when children did not understand the syntax, they simply replied 

that they did not know; they made few attempts to guess.   

Two items, both part of the BIONICLE instructions, were not understood by the vast 

majority of children, regardless of age (Table 43).  The first item pertained to the length 

measurements (in cm).  The second item referred to the 1:1 scale indicating the part was 

shown in true size. 

 

Table 43.  Graphic Syntax Not Well Understood by Children 

Understands 
Does not 

Understand   

2 22  

   

 
5.  What are the 2, 5, or 6 for? 

0 24  

    
 

7.  What are the 1 and 1 for? 
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Four types of graphic syntax had significant age differences where most nine-year-

olds understood the meaning while most six-year-olds did not (see Table 44 on the following 

page).  The younger children were less likely to recognize that “2x” indicated that two such 

sub-assemblies were to be constructed.  The six-year-olds were less able to understand that 

the reference to “1 – 4” on the Lincoln Logs indicated a picture, or portions of a picture, that 

were already completed in steps one through four.  In addition, the dimmed portion of the 

Lincoln Log instructions were less likely to be interpreted as completed portions by younger 

children and more likely to be ignored or seen as an annoyance.  

With fewer than two exceptions per item, children of either age were able to 

understand step numbers, both within main steps as well as within a subassembly.  They 

could correctly identify the last step in a process and understood the meaning of an arrow.  

The participants had little difficulty comprehending the purpose of a subassembly and how it 

related to the main structure. 

3.5.8. Preferences 

Participants indicated a preference for a booklet style instruction set (e.g. LEGO), 

with nineteen of the twenty-four preferring it to a single sheet (e.g. BIONICLE).  When asked 

which picture size the children liked the best, fourteen had a clear preference for the K’NEX 

size (approx.  3” x 5-1/2”), five for the LEGO (approx. 1-1/2” x 2-1/2”), two for Lincoln Log 

(approx. 4” x 4”), and the remaining three indicated some combination of those three toys.  

No child selected the BIONICLE size (approx. 1-1/2” x 1-1/2”). 
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Table 44.  Graphic Syntax Significantly Less Well Understood By 
Six-Year-Olds than Nine-Year-Olds 

Age Understands 
Does not 

Understand   

6 years  2 10  

9 years 8 4  

p = 0.036 

 
 

 
2.  What is the 2x for? 

6 years  0 12  

9 years 6 6  

p = 0.014 

 

  
 

 
10.  What is the 1-4 for? 

6 years  0 12  

9 years 9 3  

p = 0.0004 

 

 
 

11.  What is this picture for? 

6 years  5 7  

9 years 11 1  

p = 0.027 

 

 
 

13.  Why are some parts light colored? 
Note: p values obtained with a two-tailed Fisher Exact Test 
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3.5.9. Usability problems 

ISO 9241-11 (1998) describes usability as “the extent to which a product can be used 

by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in 

a specified context of use” (p. 2).  A usability problem, in the context of pictorial assembly 

instructions for children, can be defined any impedance of progress toward the goal of a 

completed assembly that is caused directly by the design of the instructions or could be 

reduced or eliminated through design of the instructions.  A usability problem may result in 

the activity being unsatisfying or not fun for the child.  For instance, if the instruction pictures 

obscure the view of a part and make it difficult to discern, that is a usability problem caused 

directly by the instruction design.  If a part is difficult to identify among the possible 

components, the instructions could be designed to make that part more visible or to show how 

it is distinguished from similar parts (e.g. by using a graphic parts list).  Characteristics of the 

object assembly and components do influence task difficulty (Richardson et al., 2004). These 

physical attributes can influence instruction design and were included when appropriate to the 

usability discussion. 

Usability problems were diagnosed through a combination of direct observation, 

video review, and verbal protocol analysis. A comprehensive listing of usability problems 

was developed and frequency counts for each were obtained.  As with the analysis of the 

LEGO misfits and omissions, some frequency counts were out of fewer than 24 cases as 

some participants did not reach all stages of construction within the allotted time.  Counts 

included all instances of a problem/error unless fixed immediately and while still working on 

that particular frame.  If the error was discovered later and the participant had to go back to 

fix it, it was still counted as an occurrence.  Each usability problem was identified as being 

minor, causing a hesitation; serious, creating a serious delay of up to several minutes; or 

critical, causing participants to feel defeated and possibly to quit  (Molich, 2004).  

The total number of minor and major problem occurrences is given in Table 45.  

Overall, the six-year-old children (M = 11.75, SD = 3.43) had more usability problems than 
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the nine-year-old children (M = 8.08, SD = 2.84), t(22) = 2.36, p = 0.03.  There was no effect 

of gender. 

 

Table 45.  Usability Problems by Toy, Severity, and Age 

   K’NEX Lincoln Log LEGO BIONICLE Total 
Major or Severe 2 2 5 7 16 Number of 

Problems Minor 3 4 5 4 16 
 TOTAL 5 6 10 11 32 

Major or Severe 18 32 52 64 166 Grouped  
By Severity Minor 17 22 21 12 72 

6 year-olds 25 31 46 39 141 Grouped 
By Age 9 year-olds 10 23 27 37 97 
 TOTAL 35 54 73 76 238 

 

The following usability problem reports are grouped by toy then ordered by severity.  

Within severity categories, problem descriptions are ordered by decreasing frequency of 

occurrence.  These usability problem descriptions were used to generate the design guidelines 

described in discussion section 3.6.1.5. 
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3.5.9.1. K’NEX 

A.  Difficulty with flipper placement - horizontal Major Problem 

• Asymmetrical flippers posed a problem as they are situated as mirror 
images of one another and connected at the corners of the large red 
body piece.  The flippers on this build posed more problems than on 
the vertical build. 

 Girls Boys Total 
6 yrs 5 3 11 
9 yrs 1 2  

 
Sig. age diff (Fisher Exact Test, p < 0.10) 

  

B.  Difficulty orienting orange body segments Major Problem 

• Three connector slots at 0°, 45° and 90° on triangular-shaped pieces 
create confusion. 

 Girls Boys Total 
6 yrs 5 1 7 
9 yrs 0 1  

 Sig. age diff (Fisher Exact Test, p < 0.10) 

  

C.  Blue “gills” omitted Minor Problem 

• Gills omitted entirely.  In 19/24 cases, they were added after the eyes 
either by removing the eyes temporarily (more common) or by 
inserting gills from the back of the assembly 

 Girls Boys Total 
6 yrs 3 2 6 
9 yrs 1 0   
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D.  White body connector omitted  Minor Problem 

• This connector was often the last piece added.  To insert from the top, 
the eyes had to be removed. 

 Girls Boys Total 
6 yrs 1 1 5 
9 yrs 1 2   

  

E.  Difficulty with flipper orientation and placement - vertical Minor Problem 

• Flippers are mirror images with asymmetrical attachments  Girls Boys Total 
6 yrs 2 0 3 
9 yrs 1 0   

   
  

F.  Mirror Image constructed  Minor Problem 

• Some transitioned to building a mirror image of the assembly.  Girls Boys Total 
6 yrs 0 2 3 
9 yrs 1 0   

      

G.  Eye detail noticed Positive Finding 

• Small dots noticed at the top of the eyes in the picture.  Some children 
oriented eye component in the same way. 

3 cases out of 24  
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3.5.9.2. BIONICLE 
 

H.  Action arrow not understood Critical Problem 

• Intended to depict sliding socket component down rod until it was 
adjacent to the other socket. 

• Common solution was to try to join two rods together to extend it for 
additional parts 

 Girls Boys Total 
6 yrs 3 3 12 
9 yrs 5 1  

  

 
“Now how do you make this stick out?   

There’s no room and that is the problem.”   
Adds rod rather than sliding parts together. (six-year-old girl)  

I.  Detail of instruction pictures difficult to see  Major Problem 

• Users raised instructions to eyes or lowered head to try to discriminate 
details. 

 Girls Boys Total 
6 yrs 5 5 17 
9 yrs 3 4   

 

 

J.  90° offset of adjacent parts not recognized Major Problem 

• Sockets attached as parallel rather than perpendicular to one another.  Girls Boys Total 
6 yrs 5 2 12 
9 yrs 3 2   
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K.  Small black round pin holder omitted Major Problem 

• Small black, single-hole piece omitted in the majority of cases.  It’s 
very difficult to see in the picture.  

 Girls Boys Total 
6 yrs 1 / 1 2 / 4 8 / 13 
9 yrs 4 / 4 1 / 4   

 

 

 

L.  Black rods mistaken for grey on instructions  Major Problem 

• Grey rod selected for frame 1 rather than correct black rod.  Girls Boys Total 
6 yrs 2 1 7 
9 yrs 3 1   

M.  Small rod omitted Major Problem 

• Though the small rod was shown separately and to scale, it was often 
not noticed until later in the build, if at all. 

 Girls Boys Total 
6 yrs 1 / 1 2 / 4 5 / 14 
9 yrs 1 / 5 1 / 4   

 

 

 

N.  Incorrectly sized rod selected and used Major Problem 

• To-scale rod picture intended to help users identify the correct length 
rod not used 

• Incorrect rod prohibits success on subsequent steps 
• Just 4 of 24 children actually used picture to measure part 

 Girls Boys Total 
6 yrs 2 0 3 
9 yrs 0 1   
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O.  When unsure, larger pieces are preferred Minor Problem 

• For Frame 1, some children selected the toothed pull-stick that is used 
to launch the flying disc in the last frame for the rod and selected the 
large feet for the smaller sockets. 

 Girls Boys Total 
6 yrs 2 1 5 
9 yrs 1 1  

  

   

 

 
 

P.  Assembly not done sequentially Minor Problem 

• After struggling with the first frame, some users skipped around the 
instructions, completing what subassemblies they could such as the 
feet (frame 5) and the arms (frame 6). 

 Girls Boys Total 
6 yrs 1 0 3 
9 yrs 1 1   

     

 

Q.   (size in cm) misleading in frame 1 Minor Problem 

• Users thought the six implied a connection to frame 6; these children 
moved from frame 1 to frame 6. 

 Girls Boys Total 
6 yrs 0 1 2 
9 yrs 1 0   

   
“Oh, they’re just putting that and that goes on part six too.   

It says six but it has step one.” (six-year-old boy) 
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R.  Missing head in last frame Minor Problem 

• Head omitted. 
 Girls Boys Total 
6 yrs   1 / 4 
9 yrs  1 / 4   

 

 

 

S.  Instructions folded for focus Good Idea 

• One participant folded the instructions to help her focus on the 
current steps 

 Girls Boys Total 
6 yrs 0 0 1 
9 yrs 1 0   
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3.5.9.3. LEGO 

T.  Eye attachments omitted from step 6 Major Problem 

• Children focused on the tail sub-assembly and often did not notice that 
red eye attachments should have been added.  Only when they got to 
the step to add the eyes did they go back and discover the error. 

 Girls Boys Total 
6 yrs 4 5 13 
9 yrs 2 2   

     

 

U.  Piece from main assembly omitted in presence of subassembly  Major Problem 

• Children focused on the wing subassembly of step 7 and did not notice 
the small 1x2 orange piece to be added to the front of the structure.  

 Girls Boys Total 
6 yrs 4 / 5 3 / 5 13 / 22 
9 yrs 3 / 6 3 / 6   
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V.  Difficulty selecting, orienting, or attaching wings  Major Problem 

• The left and right wings use similar parts that are mirror images of each 
other.  Children with the incorrect wing would often rotate the part 
around and around trying to find a match to the picture, not realizing 
they had the wrong part. 

• Sometimes the wings were offset by an incorrect amount. 
• The actual attachment point for the wing was obscured by the angle of 

the picture causing difficulty for some. 

 Girls Boys Total 
6 yrs 5 / 5 1 / 5 11 / 22 
9 yrs 3 / 6 2 / 6   

     
 

     

 

W.  Color confusion – black pictured as grey Major Problem 

• Presumably the black parts appear grey to make it easier to distinguish 
features.  However, the younger children had difficulty resolving the 
difference. 

 Girls Boys Total 
6 yrs 5 3 10 
9 yrs 1 1  

 Sig. age diff (Fisher Exact Test, p < 0.10) 

“Somebody’s missing grey.  Yeah, it needs grey so I’m missing grey.”  What 
if I told you all the pieces are there and maybe it’s not really grey.  “Probably, 
it’s this brown.”  What’s another color that’s close to grey but maybe darker?  
“Dark grey.  Or what about black.  Black could be it?!” ( six-year-old girl) 
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X.  Red ramp incorrectly selected or connected Major Problem 

• Because numerous sloped bricks were available in different sizes, 
children had difficulty determining the true size of the correct part.  In 
some cases, they thought it was two single-width ramps together.   

• Children attached the ramp 180° off the correct orientation. 

 Girls Boys Total 
6 yrs 2 3 6 
9 yrs 0 1   

     
 

Y.  Antennae omitted Minor Problem 

• Children focused on the wing assembly of step 8 and often the 
antennae, added in the base structure, went unnoticed. 

 Girls Boys Total 
6 yrs 0 / 3 2 / 5 6 / 20 
9 yrs 2 / 6 2 / 6   

     

 

Z.  Color confusion – orange pictured as yellow Minor Problem 

• The light yellow appearance of the orange components was misleading 
and disorienting. 

 Girls Boys Total 
6 yrs 1 2 4 
9 yrs 1 0   
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AA.  Black shading on white tail cap mistaken for part Minor Problem 

• The black shading on the tail cap led some children to believe there was 
a black piece atop white cap or that the whole cap was intended to be 
black. 

 Girls Boys Total 
6 yrs 2 1 4 
9 yrs 1 0   

      

BB.  Individual components not discernable Minor Problem 

• Several children had difficulty identifying the three orange pieces atop 
step 4.  It was difficult to see the boundaries and they tended to focus 
on the rectangular portion. 

 Girls Boys Total 
6 yrs 2 0 3 
9 yrs 1 0   

     
 

CC.  Difficulty assembling eyes Minor Problem 

• Some children worked only from the final picture and not from the 
subassembly; the attempted to add the white disks that will not attach 
without the orange caps. 

• Other children thought the black band on the orange cap was another 
black cap (see example below). 

 Girls Boys Total 
6 yrs 1 / 2 0 / 5 3 / 19 
9 yrs 1 / 6 1 / 6   
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3.5.9.4. Lincoln Log 

DD.  Misleading perspective Serious Problem 

• With the isometric view, the front inside corner is directly aligned with 
the back outside corner making the rear corner look much taller when 
in fact all corners should be the same height. 

• Children perceived this as a separate step  

 Girls Boys Total 
6 yrs 2 2 6 
9 yrs 2 0   

  

EE.  Multiple steps within frame not correctly completed Major Problem 
• Possibly too many steps per frame 
• Some children worked top to bottom (step 7-6-5) 
• Some built step 6 as a subassembly and lifted it into place often in the 

wrong orientation because step 5 spacers were missing.  

 Girls Boys Total 
6 yrs 3 / 3 3 / 6 11 / 21 
9 yrs 4 / 6 1 / 6   

  

 

 
 

FF.  Conceptual Confusion Major Problem 

• Basic building principles and problem solving not understood. 
• Logs not level or stacked perpendicularly 

 Girls Boys Total 
6 yrs 2 2 7 
9 yrs 1 2   
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GG.  Working from finished picture  Major Problem 
• The first picture on the top left of the front page of the instruction is an 

image of the finished product.  Several children started from this 
although the step-by-step instructions were pointed out by the 
researcher. 

 Girls Boys Total 
6 yrs 1 1 4 
9 yrs 0 2   

 

  

 
 

 

 
 

HH.  Window and/or door incorrectly located Major Problem 

• Instruction picture is shown in an angled isometric pictorial; actual 
assembly often done square to user, rather than angled creating 
confusion. 

 Girls Boys Total 
6 yrs 3 1 4 
9 yrs 0 0  

 Sig. age diff (Fisher Exact Test, p < 0.10) 
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II.  Difficulty with base  Minor Problem 
• Instruction picture is shown in an angled isometric pictorial; actual 

assembly often done square to user, rather than angled creating 
confusion. 

 Girls Boys Total 
6 yrs 2 3 9 
9 yrs 2 2   

    
 

 

 
 

JJ.  Break in pattern not noted Minor Problem 

• There are sets of two one-notch logs placed at the corners and one 
midpoint of the structure.  There is one exception, quite often unnoticed, 
in which a two-notch log is used in place of two one-notch logs. 

 Girls Boys Total 
6 yrs 3 1 7 / 23 
9 yrs 0 3 / 5   

  

KK.  Arrow Misunderstood Minor Problem 

• Arrows were interpreted as vertical structural logs  Girls Boys Total 
6 yrs 1 0 2 
9 yrs 1 0   
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LL.  Break in pattern – extra part added Minor Problem 

• Should be no spacers in the center of the rear left three-notch log.  Girls Boys Total 
6 yrs 0 1 2 
9 yrs 0 1   

  

MM.  Step on periphery omitted  Minor Problem 
• Step 4 is above steps 1, 2, and 3 which may cause it to be overlooked; 

then logs are not properly aligned for the next steps. 
 Girls Boys Total 
6 yrs 0 0 2 
9 yrs 1 1  
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3.5.10. Post-hoc power analysis 

A post-hoc power analysis (Cohen, 1988) was conducted to determine the statistical 

power of significant results, or the probability of correctly rejecting a false null hypothesis.  

Overall, the power calculated for representative performance measures, look measures, and 

correlations was found to be sufficient (>0.80).  Table 46 shows that the power associated 

with three correlations ranged from 0.85 to greater than 0.99. The ANOVA on age effects 

provides power (Table 44) ranging from 0.25 to 0.65 while power for toy effects (Table 45) 

exceeds 0.99.  For the independent variable toy, Cohen’s effect size index f was calculated 

assuming a pattern of intermediate variability (f 2) where k is the number of levels of the 

factor: 
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Table 46.  Power Values for Select Correlations, α = 0.10 

Variables r n Power 
Time per look & correct parts per minute -0.59 120 .>0.99 
Rating fun & No. looks per correct part -0.52 120 >.099 
Rating ease & rating ease 0.37 60    0.85 

Note:  Power values from Cohen (1988, p. 93-94, Table 3.36) 

 

Table 47.  Power Values for Independent Variable Age, α = 0.10, n = 12, and u = 1 

Dependent Variable Cohen’s f Power 
Number of looks per correct part 0.20 0.25 
Look duration 0.39 0.61 
Correct parts per minute 0.42 0.65 

Note:  Power values from Cohen (1988, p. 333, Table 8.3.23) 

 

Table 48.  Power Values for Independent Variable Toy, α = 0.10, n = 24, and u = 4 

Dependent Variable Cohen’s f Power 
Number of looks per correct part 0.63 > 0.99 
Look duration 0.80   > 0.99 
Correct parts per minute 0.86 > 0.99 

Note:  Power values from Cohen (1988, p. 339, Table 8.3.26) 
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3.6. Discussion 

The quantitative assessment of performance, instruction looks, subjective 

evaluations, and usability problems revealed differences among the four selected toys, as well 

as differences by age and/or gender.  The results provide evidence to address the central 

research question of how can pictorial assembly instructions best be designed and evaluated 

to facilitate the development of instruction comprehension skills and assembly competencies 

among young children.  The discussion that follows is framed by the organization of the 

original hypotheses. 

3.6.1. Objective 1: Usability outcomes 

The first objective was to understand if and how toy instructions, age, gender, and 

previous experience affect usability, assembly performance, instruction encoding time, and 

subjective evaluations of workload and satisfaction and to develop pictorial instruction 

design guidelines appropriate to six- and nine-year-old children.  This objective was relevant 

because while the Consumer Product Safety Commission’s age determination guidelines 

(Smith, 2002) showed almost no differences in recommended characteristics for interlocking 

building toys for children between six and eight year olds and nine through twelve years.  It 

was not clear if these age groups could use the same assembly instructions with similar 

effectiveness. 

3.6.1.1. Hypothesis 1: Older children will outperform younger children 

 
1.1. The nine-year-old children, as compared to the six-year-olds, will: 

a. assemble parts more quickly  supported 
b. assemble more parts correctly supported 
c. require fewer instruction looks supported 
d. require instruction looks of shorter duration  partially supported (girls) 
e. evaluate the assemblies as easier and less frustrating not supported 
f. evaluate the easier assemblies as less fun partially supported 
g. have a greater understanding of graphic syntax supported 
h. have fewer instances of usability problems  supported 

 

Across all toys, older children were able to assemble more parts more quickly than 

the younger children.  Overall, the nine-year-olds were far more accurate in their final 
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assemblies too.  With in-process errors, six-year-olds had greater numbers of incorrect parts, 

misfits, extra parts, and color confusion with the LEGO dragonfly.  The instructions did not 

support the younger children as well as the older children. 

Age-related differences of instruction looks showed younger children requiring 

longer instruction look times per correct part and greater numbers of looks per correct part for 

all but the K’NEX assemblies, which were the easiest of all the assemblies.  Given that 

working memory speed and capacity are developing at these ages (Fry & Hale, 2000), it 

logically followed that younger children would require more time to encode the information.  

Look duration (average glance time) did not show a main effect of age.  In this case, the six-

year-old girls required significantly longer looks than any of the other three groups.  It may 

be that the younger boys’ broader building experience resulted in additional models and 

schemas that offset differences in cognitive or spatial abilities.  

Age differences existed in specific instances of ratings, but not rankings.  Older 

children rated the K’NEX horizontal build as easier as and less fun than the younger children.  

Humans are naturally driven toward task mastery, and assemblies that provide little challenge 

to an older child will be less satisfying (White, 1959).  Similarly, older children rated the 

BIONICLE as more fun.  Generally the six-year-olds made more verbalizations about 

assemblies being hard which may be more indicative of their true perceptions. 

There were four types of graphic syntax which were much more likely to be 

understood by the nine-year-olds than the six-year-olds.  The first was the 2x that indicated 

that two of a particular subassembly should be created (in this case, LEGO eyes).  Although 

the younger children did not indicate they understood the meaning, the seven of the twelve 

young children who reached that step did correctly build two eyes.  They could have quite 

easily extracted the information from the picture, but one would hope they would link that 

knowledge back to the 2x and learn the meaning. 

Younger children were less apt to know that the shadowed or dimmed Lincoln Logs 

were intended to show previously assembled portions; the dimming was instead viewed as 

annoying.  The shadowing may have reduced the opportunity to diagnose and correct errors 

by directing attention away from those areas. 
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 Lastly, the interim or status picture shown on the front page of the Lincoln Log and 

the 1-4 label on step 5 (indicating the dimmed region was the result of steps 1-4) were 

confusing.  The status picture was destructively misleading to a number of younger children; 

the front and back center corners aligned in the pictorial giving the illusion of a much taller 

rear corner. 

Younger children had significantly more usability problems than the older children.  

In fact, the difference may be understated as older children progressed further along in the 

assemblies, raising the probability that they would encounter more issues.  Despite the small 

sample size, four specific usability problems were found to affect younger children 

significantly more than older children: (1, 2) placing the flippers and orange triangular parts 

on the K’NEX horizontal build; (3) positioning the Lincoln Log window and door on the 

correct walls; and (4) identifying the black LEGO parts which were represented as grey on 

the instructions.  Numbers 1, 2, and 3 may be attributed to visual and spatial capabilities that 

are less well-developed in younger children.  Up to about age six, or even later, children 

struggle with reversals and confuse images that are the same, but rotated around an axis 

(Vurpillot, 1976), such as the K’NEX parts.  The difficulty placing the Lincoln Log window 

and door was likely due to the structure being depicted at an angle, while the work tray used 

in the study encouraged the structure to be built square to the body.  Vurpillot explains that it 

can be difficult enough for children to map representational space onto true space; add to that 

a necessary mental rotation and it may surpass the ability of the younger children.   

3.6.1.2. Hypothesis 2: Gender will not be a significant factor in usability 

1.2. The boys, as compared to the girls, will: 

a. require fewer looks for each correct part assembled 
than the females (Murphy & Wood, 1981) 

not supported 

b. be equivalent in terms of other measures including 
performance and subjective evaluations 

partially supported 

c. there would be no Age x Gender interactions not supported 
 

Contrary to the predicted outcome, gender had no significant impact on instruction 

look frequency.  This hypothesis was derived from Murphy & Wood’s (1981) study in which 

children were asked to build a symmetrical pyramid out of wooden blocks.  Although their 

instructions prescribed a particular assembly order, boys were more likely to use other 
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procedures.  The fact that the male children looked less often at the instructions than the girl 

children,  may be more a function of flexible problem-solving style (Fennema, Carpenter, 

Jacobs, Franke, & Levi, 1998) than encoding times.  The current study used more complex 

assemblies that allowed for less trial and error. 

Overall, gender groups were more similar than not.  They were not generally 

differentiated in terms of performance, looks, utterances, graphic comprehension, and 

usability problems.  There were only two measures with significant main effects of gender: 

boys rated the assemblies as easier than the girls and girls selected the incorrect LEGO parts 

more often than boys.  The higher ease ratings could be due to the fact that boys are greater 

risk-takers (Little, 2006).  Either gender effect could be attributed to the additional building 

experience reported by boys in this study, which could largely be an effect of socialization.  

Construction and building is an integral and valued part of the male culture and less so among 

girls.  Gender differences in part selection may relate to gender differences in spatial 

competencies such as mental rotation (Linn & Peterson, 1985). 

There were several unanticipated Age x Gender interactions in which one of the 

groups of girls was distinctive in some way.  The nine-year-old girls rated the toys as 

significantly less fun than the other three Age x Gender groups.  One is left to wonder if there 

some intervening condition between age six and age nine that makes building become 

unsatisfying for nine-year-old girls.  Is building thought of as a male activity, have the girls 

had negative assembly experiences, do the available toys not appeal to them, or are they more 

negative overall? 

The six-year-old girls had significantly lower accuracy rates overall, and a greater 

number of omitted parts with the LEGO than the six-year-old boys and the nine-year-olds.  

The younger girls also had a longer look duration than the older girls, an age difference not 

occurring among boys.  In this study, the six-year-old girls lagged behind the six-year-old 

boys in accuracy and look duration, but the nine-year-olds girls essentially caught up and 

matched the nine-year-old boys in accuracy and look duration (yet they had less fun).  It is 

not clear if this difference represents different rates of change in cognitive or spatial abilities 

or a delayed introduction of girls to building activities.   
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3.6.1.3. Hypothesis 3: Experience will improve performance and reduce 
encoding time 

1.3. Children with more assembly experience, as compared to those with less reported 
assembly experience, would: 

a. assemble more parts correctly  (Kalyuga et al., 1998; 
Marcus et al., 1996) 

supported 

b. assemble parts more quickly supported 
c. require fewer instruction looks not supported 
d. require instruction looks of shorter duration  not supported 
e. evaluate assemblies as easier, less frustrating, and 

more fun 
not supported 

  

One could expect previous experience to play a large role in assembly outcomes.  

With experience comes the addition and refinement of mental models and schemas to reduce 

the amount of processing needed to interpret instructions and implement an assembly plan.  

Surprisingly, experience did not impact overall instruction looks – quantity or duration.  

However, with the BIONICLE, greater experience was related to fewer instruction looks per 

correct part.  

Experience levels did not impact ratings but it was a factor on performance measures, 

both speed and accuracy.  Those with greater experience worked more quickly and had a 

significantly lower percentage of incorrect parts at the conclusion of the task than those with 

less experience.  When comparing the relative effects of gender and experience, experience 

had the greater effect on speed and gender had the greater effect on accuracy. 

With experience related to performance, but not instruction looks, it may mean that 

experience contributes more to motor skills than cognitive skills of assembly.   
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3.6.1.4. Hypothesis 4: Toys will vary in usability 

1.4. The K’NEX and Lincoln Logs toys, as compared to the BIONICLE and LEGO X-
Pod would: 

a. be assembled more quickly  supported 
b. be assembled more accurately partially supported 
c. require fewer instruction looks  supported 
d. require instruction looks of shorter duration partially supported 
e. be evaluated as easier and less frustrating partially supported  
f. have fewer usability problems supported 

  

There was a general consistency of relative rankings of toys in both objective and 

subjective measures with K’NEX and Lincoln Log faring better than BIONICLE and LEGO 

(see Table 30 and Table 32 for groupings).  K’NEX and Lincoln Log had fewer usability 

problems and were assembled more quickly than the BIONICLE and LEGO X-Pod.  The 

K’NEX assemblies were assembled more correctly than LEGO and BIONICLE, with Lincoln 

Log indistinct from the two groups due to larger variability.   

The K’NEX and Lincoln Log toys did require fewer looks and less instruction look 

time per correct part than the BIONICLE and LEGO X-Pod.  However, average look duration 

(length of a single glance) was lower for LEGO than for the Lincoln Log.  This is probably 

because the Lincoln Log instructions had more information per page and within each frame 

and step requiring more interpretation and encoding time.  With look times as a measure of 

cognitive load, the K’NEX toys had the least extraneous load, and the BIONICLE had the 

greatest. 

The K’NEX toys were evaluated more positively than the BIONICLE in every case.  

However, assessments of LEGO and Lincoln Logs generally were not distinct from each 

other or from the other toys.  One exception is that the LEGO was ranked as easier than 

Lincoln Logs, but that difference was not observed with the rating of ease.  

The toys were not expected to be of equal difficulty.  According to Richardson et al., 

(2004) perceived assembly difficulty rises largely from an increased number of component 

groups (similar to subassemblies) and greater part asymmetry.  The characteristics of the toy 

impact the complexity of the instructions to some extent.  The K’NEX was essentially two-
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dimensional, greatly simplifying the task.  The Lincoln Log assembly was more repetitive 

than the LEGO or BIONICLE, with few unique parts, and a great deal of symmetry.  The 

LEGO bricks had a distinct top and bottom which reduced their complexity.  The 

BIONICLE, with few distinctive colors and intricate parts, was clearly the most intricate.  

Despite the differences in the component characteristics, instructions can be made more or 

less difficult.  The next section provides design guidelines that could improve the usability of 

assembly instructions. 

 

3.6.1.5. Proposed design guidelines 

There are few published guidelines for pictorial assembly instructions, and none of 

them very comprehensive (Wright, 1999).  This study begins to address this need by offering 

specific design recommendations in response to each usability problem identified in the study 

(see section 3.5.9 for problem descriptions).  The recommendations are given in Table 49 on 

the following pages.  The first column of the table describes the 27 pictorial instruction 

design recommendations.  The second column indicates the specific usability problem(s) in 

this study, by code, that prompted the recommendation.  The last column includes expert 

recommendations and research results that relate to the design guideline. 

The recommended guidelines are intended specifically for pictorial assembly 

instructions for young (six- to nine years old) children.  Great care must be taken if the 

recommendations are applied outside these bounds.  Twyman (1985) affirms that style and 

graphic choices must be considered with respect to the purpose of the instructions, 

information content, user characteristics, and circumstances of use.   

Guidelines are useful for a preliminary usability audit, but designers are cautioned 

that usability testing is still warranted as the design choices work in concert and a change in 

one aspect can impact other areas.  This study showed significant differences between six and 

nine-year-olds, so it is important that usability participants are representative of the full range 

of the target consumer group. 
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Table 49.  Pictorial Instruction Design Guidelines for Young Children 

Design Recommendation Generated from this Study 
Usability 
Problem* 

Related Research Findings and  
Design Recommendations from Literature 

Diagram type and organization   
1. Pictures of the completed assembly should be 

displayed on a page separate from the 
instructions so it is not mistaken for the first step. 

GG  

2. Use booklet-style instructions to help children 
focus and reduce extraneous cognitive load.   

P,S Children are less able to filter out irrelevant 
stimuli (Ridderinkhof & van der Stelt, 2000). 

Assembly order   
3. If assembly order is at all important, use step-by-

step instructions rather than a structural 
diagram. 

C For more accurate performance, use step-by-
step rather than a final-state diagram (Novick 
& Morse, 2000). 

4. When possible, design the assembly process to 
begin with the largest pieces, as some children 
naturally select the larger components first. 

O  

Views    
5. Select an angle of view that does not 

misrepresent the assembly by obscuring the 
depth dimension. 

DD Depth is difficult for children and adults to 
quantify (Perkins, 1980). 
Use a consistent angle (Hofmann, 1998). 

6. Instruction picture size should be increased 
when adjacent parts are not sufficiently 
discernable by color, shape, size, or orientation. 

I, J  

7. Children typically orient rectangular assemblies 
square to their body, unlike the view presented 
in an isometric pictorial, and can have difficulty 
translating position from the isometric to their 
physical workspace.  It may help to depict the 
assembly on a work surface or show the child’s 
position relative to the object. 

HH, II  

8. Avoid status pictures that depict the assembly 
as it should be at a particular point, as they are 
often misinterpreted as another frame/step by 
young children. 

DD  

Color   
9. Use shading and shadows on parts judiciously 

as dark areas can be misinterpreted as distinct 
and separate pieces. 

AA, CC Parts should be depicted accurately (Curran, 
1993). 

10. Select part colors that are easily distinguished 
from one another and can be accurately 
depicted in print.  Black and grey can easily be 
confused. 

L, W, Z Color is a primary identifier for children 3-6 
years (Brian & Goodenough, 1929). 

* Note: see pp. 129- 139 for usability problem descriptions referenced by the codes 
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Design Recommendation Generated from this Study 
Usability 
Problem* 

Related Research Findings and  
Design Recommendations from Literature 

Emphasis techniques   
11. Avoid using shadowing or dimming techniques 

or otherwise labeling already-completed 
portions.  It reduces the child’s ability to error-
check and can be distracting. 

FF 
Graphic 
Syntax 
Quiz 

Pictures must provide sufficient landmarks 
for the addition of new parts (Agrawala et al., 
2003). 
Attention tunneling can reduce error  
detection and correction (Tang et al., 2003). 

12. When arrows are intended to show one part 
sliding along another, use two steps to clearly 
show the part in the start and final positions. 

H  

13. When a particular part tends to be omitted, draw 
attention to it by: 

a. Enlarging the picture in an inset 
b. Reducing the number of steps on the 

frame. 
c. Emphasizing the part (e.g. arrow). 
d. Changing the color of the part. 

K, M, T An inset close-up can focus attention on the 
area to be manipulated (Szlichcinski, 1984). 

14. Assembly arrows should be distinctive from 
component parts.  Use adequately-sized arrow 
heads.  Arrow length should be kept as short as 
possible to reduce mental translation of parts. 

KK Arrows should be distinguishable from the 
illustration (Szlichcinski, 1984). 

Frame layout   
15. Arrange steps generally from left-to-right and 

top-to-bottom.  Many assemblies are 
constructed from the bottom up, so each layer 
should be in a separate frame. 

EE, MM Children prefer the top of the visual field and 
tend to use a top-to-bottom, left-to-right 
search pattern (Vurpillot, 1976). 
Horizontal arrangements are preferred to 
vertical arrangements  (Spinillo & Dyson, 
2001). 

16. Bound frames with graphic borders to group 
related steps. 

MM Boundaries help users understand the 
sequence (Szlichcinski, 1984). 

17. Have a sufficient number of frames per page to 
help children view pictures as points along a 
continuum. 

 More than one frame per page helps create 
cognitive drag in which one diagram is seen 
as related to and morphing into the next.  
(Massironi, 2002). 

Steps   
18. Use an appropriate number of steps per frame 

for the task, components, and skill of the user. 
K, M, P, 
EE, JJ, 

MM 

Two to four actions per frame is ideal 
(Rodriguez & Polson, 2004); One significant 
part per frame (Agrawala et al., 2003). 

19. If an assembly is predominantly symmetrical, 
highlight areas that deviate from this pattern. 

E  

20. When a step is repetitive and patterned, any 
exceptions to that pattern should be depicted in 
a separate frame. 

JJ, LL  

21. When adjacent parts are the same color and 
their boundaries not easily detected, spread the 
addition of those parts over multiple frames.   

BB Prior to age seven, children see objects as 
parts or a whole and may have difficulty 
perceiving the separate components 
(Vurpillot, 1976) 

Subassemblies   
22. Avoid the addition of parts to the main assembly, 

which are likely to be omitted, when a 
subassembly is featured in a frame.   

U, Y  

23. When subassembly steps of interlocking bricks 
are displayed vertically, they can sometimes be 
misinterpreted as an exploded diagram.  
Arrange the steps horizontally. 

V Horizontal frame arrangements are preferred 
to vertical (Spinillo & Dyson, 2001). 

* Note: see pp. 129- 139 for usability problem descriptions referenced by the codes 
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Design Recommendation Generated from this Study 
Usability 
Problem* 

Related Research Findings and  
Design Recommendations from Literature 

Parts   
24. When symmetric, geometric parts have many 

connection points, provide visual cues to 
distinguish them.  For instance, with connection 
points at 0°, 45°, 90°, 135°, 180°…315°, 
highlight alternating sockets with color or shape 
coding. 

A, B  

25. Young children have difficulty selecting and 
placing asymmetrical mirror-image parts.  Their 
use should be minimized and they should be 
depicted in a view that shows their true 
proportions. 

A, E, V Reversals, or mirror images, are not 
consistently recognized until ages 6-7 
(Vurpillot, 1976) 

26. With younger or less skilled children, avoid or 
minimize the use of parts with sloped planes that 
can be difficult for children to identify from a 
picture.  If possible, differentiate planes by color. 

X  

27. When similar parts differ only by size: 
a. Consider using distinctive colors or 

labels on the parts 
b. Show the piece to scale with a ruler 

depicted; avoid using a numerical 
measure (particularly without units) or 
indications of scale (e.g. 1:1) which 
are not understood. 

c. Use a to-scale visual parts inventory. 

N, Q  

* Note: see pp. 129- 139 for usability problem descriptions referenced by the codes 
 

3.6.2. Objective 2: Key usability factors 

It takes time and money to design, test, and redesign pictorial assembly instructions.  

In the rush to get products to market in the highly competitive toy industry, it is important 

that designers and human factors professionals be provided with the relevant measures for 

efficient usability testing of children’s pictorial instructions.   

This study incorporated a large number of measures with anticipated redundancies.  

Principal components analysis was used to reduce the large data set down to four key 

usability factors: performance/cognitive load, satisfaction, difficulty, and previous 

experience.  Decisions regarding the measurement of each should be made with respect to the 

purpose of the particular usability assessment and the level of sensitivity desired. 

Previous experience has been shown to have an effect on assembly speed and 

accuracy, so it is important that it be gauged.  From this, one can create equivalent groups for 

testing or include it as a covariate.  The building toy inventory used in this study appeared to 
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be somewhat effective; however additional research is needed to determine how well children 

can reflect on their own play experiences, perhaps by comparing the child’s responses to 

those of their parents and teachers/caregivers.   

Difficulty was related to the child’s verbalizations about problems or difficulty which 

were linked to assembly speed.  In this study, these verbalizations were captured through 

transcriptions.  However, these could be tallied quite simply during usability testing or 

through video analysis, without the added time or expense of transcription.  

Satisfaction included all subjective evaluations but was focused primarily on fun.  

Frustration and ease were highly correlated, so it is recommended that frustration be dropped 

as it was less well-understood by the younger group.  The Again-Again table offered little 

additional information as presented.  It would be useful to refine the table by adding one or 

two intermediate levels rather than just yes, maybe, and no. 

The six-year-olds made little distinction between fun and ease, so it is recommended 

that only the fun construct be retained as ease was represented in the performance/cognitive 

load dimension.  The lack of distinction among the younger children is consistent with Stone 

and Lemanek’s (1990) comments that children of that age tend to think in terms of all or 

none, so a toy is all good or all bad.  It is more difficult for them to think that a toy is hard but 

fun.  In contrast, the nine-year-old children had less difficulty distinguishing between fun and 

ease; both could be incorporated to better approximate workload.   

The subjective evaluation constructs were chosen to mimic the Subjective Workload 

Assessment Technique (Reid et al., 1981).  Children in this study were not able to distinguish 

between effort and stress, so cognitive load is better assessed with performance-based 

measures. 

Performance/cognitive load was loaded most heavily with look frequency and 

duration, followed by assembly speed and accuracy.  Without sophisticated equipment, look 

duration is time consuming to measure manually.  Eye tracking instruments could be used 

provided they don’t jeopardize the ecological validity of the testing.  The measures should be 

chosen for this factor based on the purpose of the testing.  If it is to compare two similar 

instruction sets, look measures should be included because they directly measure encoding 
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time.  If the purpose is to identify appropriate skill or age levels for an assembly, assembly 

speed and accuracy should be sufficient.   

In addition to the above quantitative measures, designers or human factors 

professionals should naturally include observations of usability problems.  Think-aloud 

methods are instrumental for identifying problems, and interviews and retrospective think-

aloud could be helpful if the design of the study permits. 

 

3.6.3. Objective 3: Developmental usability methods 

An important part of this study was to evaluate traditional usability assessment 

procedures for use with six- and nine-year-old child participants including appropriateness 

of think-aloud techniques, measures of instruction encoding time, subjective evaluation 

instruments, and ability to respond to structured interviews.  Human factors has expanded its 

reach into special populations, such as children, but the suitability of adult-centered methods 

for children has not been clearly established.  The hypotheses related to developmental 

usability include: 

 

3.1. The nine-year-old children would speak more than 
the six-year-olds 

supported  

3.2. All children would speak more after 
viewing the think-aloud demonstration 
video 

partially supported 

3.3. Ranking/rating pairs would correlate more 
among the nine-year-olds than the six-year-
olds 

supported 

 

In this study, the nine-year-old children verbalized more overall.  This result follows 

Hanna, Risen, and Alexander’s (1997) experience that six- through seven-year-olds tend to be 

more shy and less articulate than ten-year-olds.  The nine-year-old children, but not the six-

year-old children, spoke more following the think-aloud demonstration video.  The reasons 

for this are not clear but may involve the younger child’s reduced ability to identify with a 

person on a videotape or their lack of understanding of the purpose of the video.  It may be 

that the video was not sufficiently motivating; this warrants more exploration. 



 

 156 

A comparison by age shows a greater ranking-rating correspondence for ease, 

frustration, and fun among the nine-year-olds than the six-year-olds.  That is, the relative 

rankings and ratings of the toys along each construct were more consistent for an older child 

than a younger child.  Age had no impact on the likelihood that a child would select an 

extreme rating point (e.g. 0 or 10). 

Children enjoyed the pictorial ranking exercise and it seemed to be well-suited for the 

six-year-old children in particular.  The child could pick the best, pick the worst, and then he 

or she had only to choose the better of the remaining two options to complete the ranking.  If 

the purpose of the usability study will support the use of the ranking instrument, it offers a 

quick, easy, and fun instrument for the child. 

The open-ended interview questions such as what made these instructions the 

best/worst did not elicit the rich responses that were anticipated.  Several children were 

unable or unwilling to answer.  Even with redirection and probing by the researcher, most 

children tended to focus on which part was the most or least fun. It may be that at the end of 

an hour-long session, with a toy reward waiting for them, the children just wanted to be 

finished.  On the basis of this study, it is recommended that questions be very specific (as 

with the Graphic Syntax Quiz) and asked during the session rather than saved for the end.  

The verbal protocol was far richer, and generally sufficient for determining usability 

problems and obtaining feedback. 

The one-hour session was an appropriate length for six- and nine-year-olds, but one 

would be cautioned against a session that would be much longer.  Two children needed 

restroom breaks and a few requested a drink.  The opportunity to have a Polaroid picture and 

chose a toy from the treasure box was gratefully received and sufficient payment for 

participation. 

The final comments regard the use of hat-mounted bullet camera for the user’s view 

the task.  In the absence of sophisticated eye-tracking equipment, the perspective given by the 

bullet camera provided a low-cost, reliable, and highly-effective means for determining a 

gross measure of look times.  It also gave the researcher a unique perspective lacking in the 

tripod-mounted front-view video.  By following the child’s gaze, one could better appreciate 

the child’s difficulties as he or she struggled to extract meaning from the instructions, or 
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could experience his or her satisfaction when a breakthrough resulted in steady progress.  The 

bullet camera video enabled a much more personal glimpse into the child’s world and is 

recommended even in some cases where look times are not being measured. 

3.6.4. Summary 

The results of the quantitative studies revealed much related to usability of pictorial 

assembly instructions, key assessment factors, and developmental usability methods.  These 

are summarized in Table 50. 

 

Table 50.  Summary of Findings 

1. Six- and nine-year-old children are distinct user groups exhibiting differences in interpreting and applying 
information from pictorial assembly instructions.  

a. Younger girls lag other groups in accuracy while older girls report the building tasks to be less fun. 

b. Instruction designs are not equally well-suited to both age groups as younger children experience more 
usability problems than older children. 

c. Understanding of graphic syntax is less developed in younger children. 

2. Assembly experience should be measured and accounted for in usability testing. 

a. Experience does not impact looks (interpretation) but does affect performance (application). 

3. Multiple subjective and objective measures are needed to fully assess usability of toy instructions. 

a. Subjective evaluation instruments should focus on satisfaction, or fun, for younger children.  Older children are 
better able to distinguish between the constructs of fun and difficulty. 

b. Four factors are needed to describe and assess usability: performance, satisfaction, difficulty, and previous 
experience 

c. Observations and verbal protocols can reveal many instruction design usability problems.  From this, mitigation 
strategies can be derived. 

d. Common usability problems relate to inaccurate coloring and shading, too many frames per page, pictures too 
small with parts difficult to discern, exceptions to patterns not highlighted, and steps arranged counter to top-to-
bottom layout. 

4. Traditional usability methods can be used with children with some modifications and limitations. 

a. Young children are able to think-aloud and provide rich information.  Nine-year-olds verbalize more after 
observing a child thinking-aloud in a video. 

b. Subjective evaluation instruments should focus on satisfaction, or fun, for younger children.  Older children are 
better able to distinguish between the constructs of fun and difficulty. 

c. Head-mounted cameras provide useful instruction look times as well as providing a user’s point-of-view. 
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3.6.5. Limitations 

This study incorporated variables of interest that were identified in prior research as 

relevant to pictorial assembly instructions for children.  The independent variables included 

age, gender, toy instructions, and previous experience.  Gender was incorporated to identify 

differences to better inform inclusive, universal design.  Other individual differences such as 

cognitive style may have been influential but can not be controlled among a consumer 

population and were not controlled in this study. 

The study was conducted in accordance with recommended usability testing 

guidelines (Nemeth, 2004) and recommended methods for research with children (see section 

2.6.2).  The order of the toy presentation was partially counterbalanced to reduce learning 

effects.  An adequate number of participants was included to detect differences and uncover 

usability problems.  The test sessions were carried out in a consistent manner across all 

participants and the one-hour session duration was well-tolerated by all children.  There were 

occasions when the researcher redirected children back to the task, and that was done with 

sensitivity to occasions when the child truly wanted to quit the task.  The researcher also 

intervened briefly and cautiously during the task in select circumstances such as when the 

child was becoming overly-frustrated.   

The single-researcher approach promoted consistency across sessions.  Objectivity 

was promoted by assigning participant codes and extracting data from the bullet camera video 

which obscured the child’s identity.  Reliability of the look measures could have been 

increased by using more sophisticated eye tracking equipment or by having multiple 

individuals extract the time measures.  The study was based on the assumed that instruction 

looks were equivalent to encoding time.  It’s not clear if all children were engaged during 

prolonged gazes.   

The previous experience assessment may not have accurately reflected true levels of 

experience.  Less recent building activities may not have been recalled as well as more recent 

building activities.  Responses were relative to the individual child’s frame of reference and 

may have been subject to recency effects.  Additionally, a lot of experience for a six-year-old 

may be very different from a lot of experience for a nine-year-old.   
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Lastly, 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. 
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4. MODEL OF ASSEMBLY SELF-EFFICACY IN CHILDREN 

4.1. Introduction 

The quantitative analyses revealed that differences in assembly speed, accuracy, 

looks, and subjective ratings were attributable in part to toy, gender and/or age.  In a few 

cases, the extent of prior experience had a significant impact.  Further questions remain.  

Why do some children struggle with the task, have difficulty remaining engaged, and seem to 

have low self-confidence while others are focused, overcome difficulty, and progress steadily 

and confidently?  The prior research gives some indications of what differences exist but does 

not explain why.  What is needed is a generalized model of how attributes of the child, the 

toy, and the instructions interact to result in varying degrees of assembly self-efficacy 

(Bandura, 1986), or self-perception of one’s ability to complete a given assembly task.  

Figure 41 depicts aspects of the child-toy-instruction interaction.  The instructions serve as 

the conduit or interpreter between child and toy and their quality and clarity directly impact 

the child’s experience with the toy and assembly task.  This complex interaction cannot be 

thoroughly described in quantitative terms.  From a user-centered, human factors standpoint, 

a child-centered psychosocial and cognitive perspective is needed to inform instruction 

design decisions.  Because this is a relatively unexplored area, qualitative research methods 

are recommended, particularly with populations, such as children, that are not well-

understood (Rosenbaum & Chisnell, 2000). 

This research is designed to systematically build and refine a theoretical model of 

major factors that may contribute to a child’s self-efficacy and engagement during toy 

assembly.  This research is intended to fulfill objective four for this research program: 

Objective 4. Model of Assembly Self-Efficacy: Develop a generalized model of how 
children increase self-efficacy with instruction-based assembly.  
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Figure 41.  Interaction of child, toy, and instructions. 

   

4.1.1. Grounded Theory 

The Grounded Theory (Glaser & Strauss, 1967; Strauss & Corbin, 1998) approach 

was chosen to study assembly self-efficacy in children as this method is designed explicitly 

for building theory and structure inductively and is well-suited to areas of inquiry that are not 

well researched or understood.  It is a rigorous and systematic process requiring objective 

analysis and creative thinking to identify model components and their interrelationships from 

primarily verbal and observational data. 

As described by Strauss & Corbin (1998), grounded theory analysis begins with open 

coding, or deconstructing the data into its smallest logical components.  A code can be 

associated with something as small as a word or as large as a document, depending on the 

context.  An example might be associating the code “fun” with the sentence “That was so 

cool that I want to do it again!”  During the coding process, the researcher generates 

concepts, reduces and categorizes data.  Axial coding is used to identify relationships and 

patterns among concepts such as causal and intervening events.  Memoing is an important 
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and integral part of grounded theory-building.  The researcher records the flow of concepts, 

ideas, and relationships in an informal way with sketches, diagrams, and notes to capture the 

evolving theory.  Samples of memos from this study are provided in Appendix Q.  A central 

or core category is eventually selected as the main theme of the research and other categories 

are related back to this core category.  This process of theory building is refined by a process 

of constant comparison to new data until saturation is reached when no new codes or 

categories emerge. (See Strauss & Corbin, 1998 for a more complete description of Grounded 

Theory methods used in this study.)  The exploratory theory-building process is conducted 

without prior inquiry into published research and theories to reduce biases that could mask 

the discovery of undiscovered underlying phenomena.   

4.2. Method 

This study was based on analysis of verbal protocols (think-aloud data), video-taped 

observation, responses to graphic syntax quizzes (Appendix M), and brief structured 

interviews (Appendix L) of twenty-four children, boys and girls, six- and nine-year-olds, who 

participated in a toy assembly study.  A detailed report of the procedures and data collection 

methods can be found in section 3.3.   

The verbal protocol for each of the participants was transcribed and integrated with 

relevant still pictures captured from the video to thoroughly characterize and describe as each 

child assembled the five toys in the study.  Appendix P includes examples transcripts for each 

toy.  The data was coded using a commercial software package for qualitative content 

analysis, Atlas.ti (www.atlasti.com).  A listing of associated verbal protocols and notes was 

generated for each code, along with the participant code, age group, gender, and toy.  In 

conjunction with the transcription coding, the assembly videos were reviewed in detail, with 

the researcher memoing extensively regarding observed phenomena and relationships.  

The coding process was performed on data from one toy at a time, in keeping with 

the inductive grounded theory procedures.  For instance, all of the transcriptions and videos 

associated with the BIONICLE were studied first.  The researcher worked with information 

from one randomly selected participant from each age and gender group in turn, in a pattern 

designed to highlight similarities and differences.  For example, data from a six-year-old boy 

was studied, followed by that for a nine-year-old girl, a six-year-old girl, and then a nine-
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year-old boy.  Codes were added, combined, and separated as needed.  This cycle was 

repeated until each participant was studied as they worked with the BIONICLE.  After the 

BIONICLE analysis was completed, each of the remaining toys was studied in a similar 

fashion.  Comparisons were ongoing by gender, age, and toy.  As new codes were identified, 

the researcher went back through previously evaluated information to identify other 

occurrences.  Although the children worked with four separate toys, the objective was to 

propose a generalized model that applied to pictorial assembly instructions for a variety of 

building and construction toys. 

4.3. Results 

This section describes what was observed in the assembly study using the framework 

of codes and categories that were identified by grounded theory analysis of videotapes and 

transcriptions.  In an effort to better disclose the analysis process (Anfara, Brown, & 

Mangione, 2002), both a preliminary and final proposed model are presented to show how the 

model was developed.  This section focuses only on what was observed; the discussion 

section will elaborate on why and relate the findings to existing knowledge and research.  

This analysis takes a child-centered psychosocial perspective as it relates to instruction 

design. 

Through this process, a final set of clearly bounded codes with minimal overlap was 

produced as shown in Table 51.  The codes were grouped into four categories of related 

concepts.  Verbal protocols (transcribed quotations) and memos associated with each code 

were separated into Age x Gender x Toy groups as one way of identifying potential patterns 

and relationships.  For additional disclosure, the number of verbal comments associated with 

each code is shown in the table.  Note this is the number of comments and not the number of 

participants who made related comment, so one child may have made multiple comments.  

The right-most column of Table 51 indicates other sources of information that were used for 

each code for improved triangulation and reliability.  

 

 



 

 

Table 51.  Number Of Verbal Comments and Observations For Each Code and Category 
  Frequency of Verbalizations  
  Girls Boys Additional 
Category and Code Description 6 yrs. 9 yrs. 6 yrs. 9 yrs. Data Sources * 
A. Self-Efficacy (core category)       

1. Self-efficacy – positive Affirming, motivated, confident statements 1 2 3 3  
2. Self-efficacy – negative Negative, pessimistic, disengaged, anxious statements 5 6 5 3  

3. Initial perception of task Positive or negative comment about the specific toy prior to 
assembly 1 7 4 3  

4. Attribution of difficulty - External Blame for difficulty focused on instructions, toy, or external source 2 0 3 5  
5. Attribution of difficulty – Internal Blame ascribed to self 5 7 4 3  
6. Social comparison – Other Gender Ability or performance compared to indiv./group of the opp.  gender 0 6 0 0  
7. Social Comparison – Peer Ability or performance compared to indiv./group of the same gender 1 2 1 2  
8. Total Disengagement Complete withdrawal from the assembly task *4 *2 0 0 Obs. 

B. Interpretation of Instructions       
1. Cognitive overload Reference to information as too much or too many  1 2 1 0 Obs. 
2. Instructions inaccurate Belief that the instructions are incorrect 2 0 3 5  
3. Graphic syntax - color Obstructive difference between instruction color and true color 9 2 5 1 Obs., GSQ 
4. Graphic syntax - other Graphic conventions causing confusion (e.g. frame org, arrows) 7 8 8 2 GSQ 
5. Integration of information  Multiple frames compared and contrasted to extract steps 0 0 0 2 Obs. 
6. Parts- naming  User-created designation for unique part Sampled; not counted Obs. 

C. Task Execution and Outcome Evaluation       
1. Error identification Acknowledgement of construction inaccuracy 41 24 32 28 Obs. 
2. Error recovery Plan to rectify inaccuracy described 26 15 18 21 Obs. 
3. Accuracy Quantitative measures of misfits See Section 3.5.2.3 Obs. 
4. Procedural information Descriptions of assembly process 72 163 137 126 Obs. 
5. Parts – selecting Quantitative measure of incorrectly selected parts See Section 3.5.2.4 Obs. 
6. Goal - Process Indications that accurate process is the objective 0 2 0 0  
7. Awareness of time constraint References to allowable, elapsed, or remaining time 1 1 1 3  

D. Perception of Task       
1. Easy Task described as easy, not hard 6 6 10 10 Rating/Ranking 
2. Fun Task described as satisfying (fun, cool, neat, etc.) 3 3 0 9 Rating/Ranking 
3. Not fun Task described as not satisfying 7 10 3 1 Rating/Ranking 
4. Hard Task described as difficult 60 31 47 21 Rating/Ranking 
5. Distraction Verbalizations unrelated to task 11 11 19 8 Obs. 
6. Instructions – Positive Instructions specifically described as good (helpful, clear, etc.) 2 5 3 4 Rating/Ranking 
7. Instructions – Negative Instructions described as bad (confusing, maddening) 3 4 3 1 Rating/Ranking 

Note:  Obs. = Observation; GSQ = Graphic Syntax Quiz.     * data from observations. 
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4.3.1. Self-efficacy 

The central theme to emerge from the coded data was that children expressed varying 

levels of self-efficacy.  Although self-efficacy was not measured directly, based on Bandura’s 

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. 

Self-efficacy is typically measured by assessing magnitude and confidence (Bandura, 

1986) of projected success on a specific task.  With assembly tasks, one might present a 

number of instruction booklets by increasing difficulty (empirically determined) and ask 

whether the child believes he or she could be successful with the task, and if so, how 

confident he or she is.  This can also be accomplished by using Likert scales (Maurer & 

Andrews, 2000).  

Of the statements indicating high self-efficacy, most were toy-specific such as “I’m 

good at Lincoln Logs” and “I’ve been building LEGO ever since I was three or four.” This 

may indicate that achievements with one toy or type of instructions do not translate to high 

self-efficacy with novel toys or instructions.  Conversely, one nine-year-old boy equated 

experience with LEGOs and genetics to generalized assembly and building self-efficacy: 

I’ve been building LEGO ever since I was about.  Mmmm.  Hard time to say 
that.  Bout.  Hmm.  Three or four, I’ve been building LEGO for a long time!  
So that’s why I’m so good at these things…Because my dad played with 
LEGOs when he was a kid so I guess cause he married my mom it got to her 
which infected the baby, me!  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 things even if I get a hard time.  If I need to take a break for lunch 
sometimes.  Lay down on the job.  I don’t like doing that but I have to.  Keep 
my strength going.   

 

Low self-efficacy statements were far more common and were made in all age and 

gender groups.  However, some of the strongest examples came from the nine-year-old girls.  

The comment of one during the BIONICLE assembly demonstrates how a negative prior 

experience could sensitize a child to having another negative experience, “Did I mess up? I 
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built one of these before and I really messed up.”  Another participant, struggling with a 

BIONICLE assembly said, “I’m going to fail this one…I’m telling you, I can’t do 

BIONICLEs.”  Rather than blame the instructions, she blamed herself and the difficulty to the 

strong negative emotion of failure.  A third participant demonstrated low self-efficacy by 

pessimism while working with the Lincoln Logs by saying, “I might make it, I said might, 

which means I probably won’t”.  A common theme among the statements by the nine-year-

old girls is self-blame. 

Self-efficacy levels could change rapidly from one toy to the next or even within the 

span of working with a single toy.  As the child’s confidence eroded, the oscillations between 

high and low self-efficacy appeared to come with increasing frequency.  When self-efficacy 

dropped below some threshold level, the child would disengage from the instructions or from 

the task entirely.  When disengaged from the instructions, the child would free-build with 

little, if any, reference to the instructions.  Clearly the cost of poorly designed instructions is 

disengagement, damaged self-efficacy, and dissatisfaction with the toy. 

One of the many examples of wavering confidence was a six-year-old boy with 

average building experience.  He worked confidently with the K’NEX toys, stating “I think 

I’ve got it, yes, I got it” and “This wasn’t hard!” and performed well.  He brought confidence 

to the BIONICLE, stating “look on your computer, then you can see how good I am!” He 

struggled a great deal with the assembly, but his confidence held as he reported, “I’m like the 

little train that could.”  With great tenacity, much trial and error, and only three parts 

assembled, he exclaimed, “This is too hard,” and abandoned the build after working for just 

nine of the twelve minutes.   

Next, the same participant worked with the Lincoln Logs, stating “I’m used to 

building with Lincoln Logs, so I probably know how to make a house that’s not the same.”  

This may have been an indication that he was concerned about his ability to follow the 

directions.  He exhibited signs of frustration such as sighing, which he attributed to boredom.  

After completing the first page, he turned the page of the instructions, and upon seeing all 

that faced him, he said that he was “ready to stop.”  With some gentle redirection, he 

continued and exclaimed, “Yes, now I’m getting the hang of it!” followed almost immediately 

by “This is too hard now, just too hard.  I cannot figure out what to do now,” and he quit, 
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having worked steadily and accurately for almost the full 12 minutes, assembling 34 pieces 

with all but 2 correct.   

The last toy he worked with was LEGO, the only toy for which he reported having a 

lot of experience.  With this toy, his confidence wavered even more frequently, as exhibited 

by this succession of related comments uttered throughout the task.  

There is no way it will be easier.  This is easy… This is really hard, but I’m 
doing it….It’s getting too hard.  Oh, I get it…I can not figure it out now.  It 
got too hard.  I just don’t know what to do next…Yes, I figured it out….Now 
I’m upset.  I can not figure it out.  Now.  I know what they’re doing.  I work 
with LEGOs usually, just not this way.  I just don’t work with these.  I can’t 
do it.  Hmm.  I just can’t do it…I knew I couldn’t do it. 

This child assembled 22 parts correctly, which was close to the average of 21.67 parts among 

six-year-old boys.  Despite an average performance, his confidence level was quite low 

throughout the LEGO build as evidenced by the relative frequency of negative comments. 

Self-efficacy for this participant was graphed over time in a memo similar to that 

shown in Figure 42.  This theoretical depiction illustrates how the child’s self-efficacy levels 

fluctuated.  The level at the conclusion of one task seemed to affect the starting level of the 

subsequent task.  When self-efficacy fell below some individual threshold level for 

engagement, the child disengaged from the task.  As he quit the BIONICLE and then the 

Lincoln Logs, his reserves of self-efficacy dropped lower and lower.  He performed 

adequately with the LEGO yet had so many negative self-efficacy comments, perhaps as a 

holdover from previous difficulties with Lincoln Logs and BIONICLE. 

Threshold Level for 
Engagement

Self-Efficacy

Time

+
K’NEX

Bionicle

Lincoln 
Logs LEGO

 

Figure 42.  Theoretical model of one participant’s self-efficacy over time showing the 
 threshold level for engagement 
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Another example of tentative confidence was demonstrated by a nine-year-old girl.  

She had little difficulty building the K’NEX animals correctly and moved onto the 

BIONICLE.  Her immediate reaction was, “Oh, I’m not good with BIONICLEs.”  When 

asked if she had done one before, she replied, “No.”  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! 

Despite her lack of confidence, she assembled 10 parts correctly, which is not far 

below the average of nine-year-old girls of 13.7.  This participant was relieved when she 

moved on to the Lincoln Logs, “Oh, Lincoln Logs!  I’m good at Lincoln Logs!”  However, 

doubts soon returned.  “Wait, something’s wrong.  Now I can actually do something.  I think 

that looks good…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!”  Ultimately, she assembled 51 parts without any errors and her confidence seemed 

somewhat restored.  She moved to the final task, the LEGO, saying, “This is not going to take 

very long to do…this does not take very long.”  As her confidence recovered, she was even 

able to work effectively while talking about her experiences with dragonflies, and her 

parents’ plans for the evening. 

4.3.1.1. Social comparison 

A sub-theme related to self-efficacy was that of social comparison in which some 

children, regardless of age or gender, compared their performance to others for a variety of 

purposes.  One six-year-old girl, after struggling with the BIONICLE for several minutes, 

says, “This is challenging.  I don’t…I don’t know if I can do this.  So hard.  Has anybody ever 

finished this?”  It is as though she was trying to gauge her chances for success based on the 

performance of previous participants.  A nine-year-old boy made comparisons to cousins and 

a friend.  Midway through the LEGO assembly, he said, “This one would not be confusing to 
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one of my friends.  He could easily finish this.  Cause he like builds those you know those 

really hard Star Wars one.  He builds those a lot.”  He seemed to have been justifying his 

perceived sub-par performance by explaining that it would only be easy for someone with 

extensive LEGO experience.  When one six-year-old boy discovered that the BIONICLE age 

range was seven years and up, he discounted his own ability by saying, “These things are for 

like older kids!” He abandoned the build after adding just two parts to a rod with one error. 

Fewer instances of social comparison were seen as positive reinforcement of self-

efficacy.  A nine-year-old boy found encouragement in the popularity of LEGO, “I love 

LEGO!  I have tons of friends that love LEGO.  Oh my goodness!”  Another said of the 

BIONICLE, “Did <name>  get it done without any problems? I bet he did have a few 

problems, he always does.  Me and my cousin are experts at it.  Because like, whenever we 

tried, we finished in less than a half an hour usually.”   

Comparisons were occasionally made to the opposite gender.  In this research, all 

instances 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 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. 
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4.3.1.2. Attribution 

In many of the previous examples, the children’s statements were inwardly-focused 

attributing blame to themselves for the assembly difficulty.  There were many other such 

examples of internal attribution including, “I just can’t do it;” “I’m never going to get this 

done;” “I can’t.”  These statements have explicit references to “I” as the source of fault.   

In contrast, some statements indicated an outwardly-focused blame or external 

attribution for difficulty directed toward the toy or instructions.  There were ten examples of 

this predominantly from the boys; eight were from the boys and just two from six-year-old 

girls.  One boy who was having difficulty finding a Lincoln Log part said, “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.”  

Another boy was quick to assign blame for difficulties to the instructions.  Of Lincoln Logs, 

he said, “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.”  Of the 

BIONICLE, the same child remarked, “It never said to put this on.  Well… yeah, it never 

said.”  This participant assembled more than an average number of parts with the BIONICLE 

assembly and fewer than average on Lincoln Logs.  It is not clear when or why children 

attribute blame to the instructions rather than themselves.  In this group of children, boys 

were far more likely to use external attributions while girls were more likely to use internal 

attributions.  The internal attributions appeared to be more detrimental to self-efficacy. 

While external attribution for difficulty may have offered some protection to levels of 

self-efficacy, it may have eroded trust in the instructions which could, in some cases, cause 

the child to abandon the instructions entirely.  This was the case with one nine-year-old boy 

who thought the Lincoln Log instructions were incorrect: “I think the directions are wrong 

from what I see now, nope, they’re wrong.” He abandoned the build immediately after this 

statement, having worked for just 10 minutes.  Because this was his final assembly, it was 

unclear what the impact would have been on a subsequent build. 

One coping mechanism was for children to ask an adult, the researcher, for help.  

Three younger girls, four older girls and three younger boys made requests for help on at least 



 

 171 

one toy.  None of the older boys asked for any outside assistance.  Some children needed 

general assistance to progress, “Can you help me?” while others asked for validation on frame 

selection, “Am I on this one?” The researcher responded with neutral responses, providing 

minimal help only when necessary to prevent the child from abandoning the task. 

4.3.1.3. Preliminary model 

Based on the grounded theory analysis of self-efficacy codes, a preliminary model of 

the factors affecting self-efficacy and engagement was developed and is presented in Figure 

43.  The child brought a level of self-efficacy to the task from prior experiences which may 

have been immediately impacted by initial perceptions of the task.  Provided there was 

sufficient confidence to remain engaged, the participant worked iteratively on the task as 

depicted in the grey-shaded region.  Success on each step resulted in an increase in self-

efficacy.  Difficulties were attributed to the self or to external factors which had differing 

effects on perceptions and self-efficacy.  With internal attribution, the child may have made a 

social comparison that attenuated or accentuated a decrease in self-efficacy.  With external 

attribution, self-efficacy may have been maintained, but perceptions and trust in the accuracy 

of the instructions could have negatively impacted engagement.  The next sections address 

factors germane to the task performance including interpretation of the instructions, 

execution, and error checking.  These will be incorporated into a more complete model that 

builds on the one presented here. 
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Figure 43.  Preliminary model of factors affecting self-efficacy and engagement 

 

4.3.2. Interpretation of instructions 

This category focused on users’ perception and interpretation of the instructions as 

they identified and extracted information to execute each step.  It included selecting correct 

frames and steps, integrating information, interpreting graphic syntax, and identifying parts.  

Only the usability problems represented in verbal protocols are included here as they relate to 

self-efficacy.  Detailed descriptions of the other usability problem descriptions can be found 

in section 3.5.9 and design guidelines can be found in section 3.6.1.5.   

4.3.2.1. Cognitive load 

A number of children exhibited evidence of excess cognitive load as a result of trying 

to select and focus on an individual frame depicted on a page of instructions, particularly with 

the BIONICLE and Lincoln Logs which had multiple frames per page.  Two nine-year-old 
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girls had difficulty focusing on their selected frame of the BIONICLE assembly.  One stated, 

“Oh, I’m only on the second step…I keep looking at the other steps, I keep doing that.”  It 

was an example of excess extraneous cognitive load with a self-attribution that may have 

affected her self-efficacy.  The other child who was bothered by the amount of material 

physically folded the instructions to limit information as shown in Figure 44. 

 

 

Figure 44.  BIONICLE instructions were folded by a nine-year-old girl to limit information. 

 

What manifested as cognitive overload for one child was a manageable source of rich 

information to another child.  Two of the nine-year-old boys were able to compare adjacent 

frames of the BIONICLE instructions to extract additional information.  “That [step2] may 

give me a little more information, even though I am working with that one [step 1].”  That 

comparative behavior was not directly observed in any of the other participant groups and 

could be indicative of an age and/or gender difference in spatial and information processing 

capacity.  

The small picture size, number of steps per frame, and similar colors of the 

BIONICLE instruction were problematic for several children.  “You just kind of gotta look 

real hard because especially if it’s a small littler person like this because the pieces are 

small,” said a nine-year-old boy.  The comment suggested that the child felt responsible for 

having to look hard to extract the information; it did not occur to the child that perhaps the 

instructions needed to be enlarged.  Similarly, a six-year-old girl described the difficulty in 

identifying steps, “No, it’s not that the pictures are too small, it’s that this stuff is in the way.”   
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Cognitive overload was an issue for some of the children working with the Lincoln 

Logs as well.  As some children completed the front page and opened the booklet to reveal 

the two-page spread of instructions they lost engagement.  One six-year-old boy’s facial 

expression fell as he turned the page and simply said, “I don’t think I can do these other ones.  

I think they’re too hard for me.”  His self-efficacy fell below threshold levels and he 

disengaged despite encouragement from the researcher.  A nine-year-old boy expressed the 

same thought: “Especially when they give you a lot of instructions on the same page, it’s a 

little hard.”  One difference was that the younger boy’s comment demonstrated self-

attribution of the difficulty while the older boy’s showed an external attribution. 

Whereas some aspects of instruction design may be more difficult for the designer to 

influence (e.g. component colors), extraneous cognitive load can be affected simply by how 

much information is contained on a page or within a frame. 

4.3.2.2. Part naming 

Selecting the correct part proved to be more challenging for some children than for 

others.  Some possible reasons for this could be gleaned from the names children used to 

describe parts.  Children were surprisingly creative with some of their names, such as cross 

thingies (two perpendicular Lincoln Log spacers), two toppies (1x2 LEGO), little jets (black 

LEGO), fighting stuff, jabber, something sticking out, and like a sandwich.  In most cases, 

color was used as a primary identifier, and size and features were secondary.  Girls tended to 

be more explicit and descriptive, using multidimensional names.  For instance, girls’ names 

for LEGO parts included a “small little half-grey piece,” and “little orange thingie,” while 

boys used uni-dimensional names such as brown one, black one, tiny thing.  This may have 

reflected the complexity of a child’s existing schemas or differences in vocabulary.  

Assembly complexity can likely be reduced by using a range of distinguishable colors or by 

employing redundant shape, color, and/or size coding. 

4.3.2.3. Color confusion 

The strong reliance on color cues, especially among younger children, caused 

problems as they attempted to resolve the differences between the true color of the part and 

the color depicted in the instructions, particularly with LEGO and BIONICLE.  Four of the 

six younger girls had trouble accepting that while the LEGO parts appeared grey on paper 
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they were indeed black and those that looked yellow were actually orange.  One six-year-old 

girl struggled mightily to alter her perception.  She said, “Now number two says it needs grey.  

OK.  Somebody’s missing grey.  Oh yeah, it’s grey in the picture.  Yeah, it needs grey so I’m 

missing grey.”  The researcher intervened and added that all the pieces were indeed there and 

that it may not really be grey.  “Probably, it’s this brown,” she replied.  When told it was 

another piece, she justified her choice by evaluating the size of the piece.  “These two could 

be…well, this has got 1, 2, 3, 4, 5, 6…it’s got six on this one.”  When told that it was a color 

closer to grey, she said, “Dark grey.”  Then finally “Or what about black, black could be it.”  

This child had a very strict and literal interpretation of the instructions and was quite hesitant 

to deviate.  Another young girl working on the same step exhibited a different schema in 

which she was not at all concerned about selecting a piece close to grey.  “I got a brown one, 

now I need two grey ones, but there’s not grey ones in here, I’ll just use an orange one.”  She 

viewed the instructions with less rigidity, more as a suggestion than a mandate.  This was also 

expressed by a nine-year-old working with the BIONICLE, “Well, about color, if I can’t find 

a piece of the color you need I suggest you just find a piece of a different color, it really 

doesn’t matter.  The color is just for decoration, or sometimes like in this case like 

separation.”  It cannot be assumed that children will naturally select a color closest to that 

pictured.  It is clear that children vary in their responses to color differences.  Some children 

readily adapt to color mismatches while others have great difficulty translating one color into 

another. 

Color confusion issues arose with the BIONICLE as well.  Interestingly, it was with 

the same colors that caused problems with the LEGO -- black was depicted as dark grey and 

orange appeared yellow.  The black rod of step one was often confused with a slightly shorter 

grey rod, but the black sockets of step one did not cause difficulty as their form was 

distinctive.  It might seem that because the rod and sockets were depicted in the same color 

they would naturally be perceived as the same color, but that was not always the case.  

Overall, boys were less impacted by color confusion than girls and older children less 

impacted than younger children. 

There were slight color differences in the K’NEX instructions as parts were vivid red 

in the instructions and more pink in actuality.  Only one child, a nine-year-old boy, 
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commented on the difference.  That the color difference did not cause problems is likely due 

to redundant shape and color coding. 

4.3.2.4. Graphic syntax 

The graphic syntax, or implicit language of the pictorial instructions, often failed to 

convey intended actions and in some cases suggested an entirely unanticipated meaning.  

This impacted performance and potentially self-efficacy. Much of this is described in sections 

3.5.7 and 3.5.9.  The Lincoln Log instructions employed a convention in which previously 

assembled components were depicted dimly, or greyed out, so the new components stood out 

(see Figure 45).  This intended purpose was unappreciated by several children.  “It would be 

more helpful if this was dark,” said a nine-year-old girl, “But, oh well.  It looks so light and 

you can like barely see the outlining, it’s annoying.”  When asked why they might be light, 

she replied, “Probably so you can do the windows and doors, I think.  Uh, I don’t know.” 

Steps two and four of the Lincoln Log assembly were identical with the exception of 

one part (Figure 45).  Two of the six-year-old boys experienced confusion, thinking they had 

already completed step four.  Note that in their comments they refer to steps one/two and 

three/four as one and two, presumably self-numbering the pictures as one and two.  “What do 

I do next?  That was number one.  What’s number two?  I think it’s that (pointing to final 

assembly inset).  No wait, that’s what it looks like when it’s finished.  No, that part’s number 

one and that part’s number two and I have to build the door.”  The other child said, “What is 

number two?  How come two and one are on the same part?”  He added, quite angrily, “How 

come we’re doing the same part again?”  Both children skipped step four, turned to the next 

page, then disengaged and quit the task.   
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Figure 45.  The similarity of steps 2 and 4 of the Lincoln Log assembly  
caused confusion for several children.  

 

Steps within a Lincoln Log frame were arranged sequentially and functionally from 

bottom to top (see Figure 46) but many children worked from a common mental model of top 

to bottom which was inappropriate for this assembly.  A nine-year-old girl said, “[step] six.  

First I think, oh I have to do five first.  Whoops.  Then we got to put these pieces.  Oh, I didn’t 

do that part yet.” She noticed the error and was able to recover.  Four other children who 

worked on step 6 before step 5, had great difficulty recovering from the error as the structure 

was not able to support the pieces of step 6 without the spacers of the previous step.   

 

Figure 46.  Lincoln Log frame showing steps ordered from bottom to top.  
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The mental model of working from top to bottom caused a usability issue with the 

LEGO assembly as well.  In one case, the tail subassembly of frame 6 was viewed as an 

exploded diagram rather than a sequence of steps.  It was assembled “sandwich style” with 

the brown 1x4 brick of step 1 incorrectly placed on top of the red bricks of step 2 (see Figure 

47).   

 

Figure 47.  LEGO tail subassembly. 

Two issues with the Lincoln Log were instructive for demonstrating just how literally 

some children interpreted instructions.  Two girls, a six-year-old and a nine-year-old, 

believed the red arrows to be vertical logs.  The younger girl spent considerable time 

balancing logs upon the base of step one, then placing the small spacers of step two atop 

them.  After waiting to see if she would correct the error, the researcher finally intervened 

and asked her if she was sure the logs were supposed to go up and down.  She replied, “No,” 

but continued until the researcher intervened again and pointed to the final picture.  Then she 

realized the arrows were not intended to be logs and could continue on. 

In the second example, six children believed the small inset picture (Figure 45, lower 

right) was a separate step.  The angle of the picture made it appear as though the spacers of 

the rear corner were intended to be taller than the front corners.  The children added spacers 

and then had difficulty determining how to proceed with step five particularly for those 

children who were reluctant to undo what they had built.  Some, but not all, children did 

backtrack and recover.   

These examples of misinterpreted graphic representations reflect varying levels of 

sophistication and flexibility in reading and applying instructions.  Some children did not 
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have appropriate schemas to prompt expected responses graphic information.  Some graphic 

syntax may be too sophisticated for the younger children. 

4.3.3. Task execution and error checking 

Once a child interpreted the instructions and identified an intended plan of action, an 

effort was made to execute the plan.  If the plan was appropriate and it was done correctly, 

the child could advance to the next step.  However, the intended procedure was not always 

executable or may have resulted in an incorrect outcome, requiring a new approach.  This 

plan formation – execution – error checking loop was repeated in quick succession.  The 

verbal protocol from a nine-year-old girl working with the LEGO assembly demonstrates 

when this loop proceeds with some automaticity: 

It’s kinda hard to see at this angle, I think it goes like that though. I’m 
holding it the in wrong place cause, then it goes like this I think, but it 
doesn’t show that there. So. Whoopsies. So this went…where did this 
go…right here. So…I think it goes there…I think. Yeah I think it does. Cause 
then the other one would go out that way. So same thing, oops, like that. This 
one goes the same whoops, don’t think I did that one right. Like that. I think. 
Alright. So it goes like that I think. And…yeah but whoops. Like that, um… 
and then it goes to this.  Whoa, that looks a little weird. Um…it goes here ?? 
nothing, nope it has to be something. I think it’s this too, I’m not quite sure. 
No. Yeah. That would go like that. That looks right. 

She shows evidence of rather complex problem solving but with a conservative expenditure 

of resources and little, if any, impact on self-efficacy.   

4.3.3.1. Error mitigation 

More complex types of errors were remedied in one of several ways.  When children 

could not identify and find the correct part, they might find the best match sacrificing one or 

more characteristics (size, shape, color), apply a process of elimination, use trial and error, 

select a part based solely on fit and function, look at instructions more closely to revise their 

criteria, or ask for help.  With problems involving part placement, children might simply 

attach the part in another location, use trial and error -based on fit, look for clues in other 

frames or steps, incorporate knowledge of toy-specific building principles, or ask for adult 

assistance.   
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More significant assembly problems sometimes resulted in abandonment of that step 

or frame for another that was deemed easier.  That strategy was used often with the 

BIONICLE assembly.  When children grew frustrated, they would sometimes focus on 

simpler subassemblies such as the feet and arms before often giving up. 

4.3.3.2. Error recovery and assembly goals 

Differences in assembly goals were made evident by error recovery strategies.  Some 

children were concerned only with having a correct outcome.  They tended to deconstruct 

minimally, going back to the most recent stage at which the correction could be made.  Other 

children focused on following the prescribed assembly process accurately and tended to 

deconstruct far more than necessary to stay true to the process. 

 Five girls and two boys showed evidence of a correct process goal.  One nine-year-

old girl who had been working with the BIONICLE for some time and had noticed an error 

after step two remarked, “I want to start all over again, this thing doesn’t work.  I actually 

don’t like this thing and I’ve only got 5 more minutes left and I haven’t even done anything.  I 

hate BIONICLEs.  I’m never doing this ever again, not the BIONICLEs at least.” A girl in the 

younger group restarted the BIONICLE two separate times.  “This is very hard.  I really don’t 

know if I can do it.  Must start back on number one.  Get this and slide.  Get this and slide.  

Started back on number one again.  OK.  There.”  A nine-year-old boy exhibited over-

deconstruction to add in omitted LEGO eye attachments from step 6 that were discovered in 

step 9.  No disassembly was necessary, however he stripped the dragonfly back to step 4 then 

had to rebuild back to step 9 (see Figure 48).  

 

   

Figure 48.  LEGO overly disassembled to step 4 from step 9 when eye attachments of step 6 
were discovered as omitted. 
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In contrast to the children who sought to complete the process accurately, some 

exhibited a minimal need for accuracy.  For instance, a nine-year-old girl working with 

Lincoln Logs had a gap caused by missing spacers adjacent to the window with a two-notch 

log resting atop the window (see Figure 49).  When asked afterward about the gaps, she 

replied, “Yeah [they should be there] because I think they’re gonna put stuff over top of it so 

it won’t be a gap anymore.”  Of the BIONICLE, a six-year-old boy said, “This one is good 

enough.”  They were willing to accept a certain degree of divergence from the instructions.   

 

Figure 49.  Lincoln Log assembly showing missing spacers adjacent to window 
 that were not corrected. 

 

The six-year-old girls had some of the greatest difficulty recognizing and/or fixing 

discrepancies between their assembly and the instructions.  Figure 50 shows the final 

assemblies for one six-year-old girl.  Although this participant did not verbalize much, she 

seemed to be engaged and focused, yet even the simplest toys were not assembled accurately.  

She gave no indication that she found her assembly to be different from that prescribed in the 

instructions. 

Some children may have been more concerned with feeling they were right than with 

actually being correct.  For instance, a nine-year-old girl, when talking about an incorrect 

wing part on the LEGO build said, “There’s another piece like it but that other piece is 

perfect and I don’t want to ruin it.”   
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Figure 50.  Incorrect assemblies from the same six-year-old girl. 

 

One third of the children physically compared a part or assembly to the instructions 

(Figure 51), suggesting that they desired a direct correspondence between the depiction and 

the actual objects.  It occurred most often with the BIONICLE and LEGO and just once with 

the Lincoln Logs. 

  

  
Figure 51.  Direct physical comparison of parts to instructions. 
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Time was of concern to a number of children as four boys and two girls made 

reference to it.  A nine-year-old said, “Hope I get this finished in time.”  Time was a 

motivator for some, but certainly not all, of the children. 

A number of children had a well-developed concept of building principles that helped 

them to build quickly and accurately by applying their mental model to their interpretation of 

the instructions.  One of the older boys provided particularly rich information about how he 

builds with Lincoln Logs: 

You can check the instructions once you’ve built something you can check to 
see if it looks alike.  Also if like everything’s supposed to be on the same level 
you should check to see if everything’s on the same level…I suggest building 
the bottom first and then you add to it.  Some cases the instructions can be a 
little weird, like this.  Because see there’s no hole, and everything else has 
been made on a hole.  See this part’s like lower than all those parts.  One, 
two, three, four.  I’m counting because in here it shows you have to put four 
on there sort of.  It shows you have to put one, and then three more so if you 
add that up you put four…Also you have to memorize so that you don’t have 
to keep looking back at the instruction so much…OK.  I see why they made 
this lower.  I am getting close to done! 

Other participants showed evidence of less sophisticated mental models.  Some 

children did not readily understand that the Lincoln Logs were to interlock perpendicularly at 

the notches (Figure 52).  In another example, a child removed double sets of spacers (single 

notch logs in an “x”) and added one back in rather than just removing one.  Several children 

struggled unsuccessfully to complete step six (Figure 46) of the Lincoln Logs when an error 

had been made in a previous step.  They clearly did not recognize that the spacers underlying 

step 6 had to be level and in a particular orientation to receive the parts from step 6.  As a 

final example, some children exchanged one piece for an identical one such as the K’NEX 

fins, not recognizing that they were exactly the same.   
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Figure 52.  Participant exhibiting lack of understanding of Lincoln Log building principles. 

 

4.3.4. Perceptions 

There were 24 verbalized initial reactions to the toys from 16 different participants – 

8 girls and 8 boys.  Of the comments, 14 were positive comments: “I think I might like this 

one”; “This looks easy”; and “Oh!  LEGO too!  Oh, yeah, just my dream come true!”  The 

remaining 10 initial reactions were negative: “Uh, it’s probably not going to be good”; “I 

don’t even know how to do number 1.”  Among the girls, all but 3 of the 14 initial reactions 

seemed to carry over to some extent in the final subjective ratings.  That is, girls with a 

positive initial reaction tended to rate fun and ease in the top half of the scale as greater than 5 

of 10.  Similarly, a negative initial reaction was associated with ratings in the lower half of 

the scale.  This pattern did not appear among the boys. 

Children were far more likely to comment on a toy being hard (159 comments) or 

easy (32), than on it being fun (15) or not fun (21).  Difficulty was most often characterized 

as hard, complicated, confusing, or in terms of I can’t.  Often by the time perceptions of 

difficulty were verbalized, the child was on the brink of disengagement.  It could be sudden 

and certain as expressed by a six-year-old girl working with LEGOs, “This one’s hard to 

build, I give up on it.”  Others were spurred on by the challenge, such as a young boy who 

said, “This is really hard, but I’m doing it!”   

When children did address the ease of an assembly, it was usually in very simple 

absolute terms, such as “This is easy” or less commonly as a comparison: “This one right 

here is a whole lot easier than that other one was.”  An older boy attributed ease to the size 
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of the pieces: “I have to admit that LEGOS are a bit easier than BIONICLEs, it just depends 

on the size of the LEGO or BIONICLE and how small the pieces go.”  

4.3.4.1. Relationship between fun and ease 

The relationship between fun and ease was described by a few of the children, 

primarily the nine-year-olds.  An older girl said of the LEGO, “I like it.  This seems much 

easier.” An older boy countered with, “Not really that fun, I don’t like things that are so 

easy,” when speaking of the K’NEX.  A similar sentiment was conveyed by a nine-year-old 

boy: “Some things that are way too easy, they’re just plain boring cause you don’t hardly 

have to do anything.  You just sit there and, well, put one thing on top of another thing, then 

put the next thing on top.  It’s not very fun.”  Two older boys, when describing LEGO said, 

“Here, there’s not a lot of pieces, but it’s still fun!” and “This one’s fun ‘cause it’s easy!”  

Very likely, each child experiences a unique relationship between fun and complexity of the 

assembly as shown in Figure 53.   

Fun

Complexity, number of pieces
 

Figure 53.  Hypothetical fun-complexity relationship curves for two different children. 

 

The assembly process, the toy outcome, or both could be the source of fun for a child.  

One six-year-old boy viewed playing, or fun, as distinct from the building process.  He 

exclaimed, “You mean after my snack I can like play with them?”  Conversely, an older boy 

indicated his satisfaction with the process by asking if he could “make another one.”  For 

him, the joy was in the assembly and not the outcome.  The goal can impact perceptions. 
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4.3.4.2. Distractedness 

At times, the children’s’ verbalizations were not directly related to the assembly task.  

This occurred either because the child was disengaging from the task or because the 

operations had become somewhat automated, allowing for other thought processes.   

When the cognitive load was low, off-task comments tended to be completely 

unrelated to assembly, “I’m thinking about Faith’s birthday party.  I’m invited to hers and 

she’s going to turn 11.  A bunch of the girls think I’m a fun girl, a big girl” (six-year-old).   

When the cognitive load was high and the child struggled to remain engaged, the 

comments were marginally or directly related to assembly.  A direct off-task comment about 

Lincoln Logs by a six-year-old was, “Sigghhh.  That’s because I’m bored and a little tired”.  

Other moderately comments related to disengagement were:  

My worst favorite things that I have in my basement are Barbies.  Cause I 
don’t have BIONICLEs very much.  (girl, nine years-old, BIONICLE) 

People that build houses take weeks and month and sometimes stuff like that.  
It’s a lot of money to build a house too. (girl, nine years-old, Lincoln Logs) 

Anyway, we built an even harder one than the spider…we built a human one. 
(boy, six years-old, BIONICLE) 

 

4.3.5. Final proposed model 

Based on grounded theory analysis, an expanded model of the factors affecting 

assembly self-efficacy was developed and is presented in Figure 54.  It builds on and 

incorporates the preliminary model shown in Figure 43.  The task execution component has 

been decomposed into four elements: goal, interpretation of instructions, execution, and error 

checking.  The main task elements are highlighted by the grey square.  
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Figure 54.  Proposed model of child-task-instruction interaction when using pictorial 
instructions for toy assembly. 
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Goals can typically be described as (1) achieving an accurate final assembly, (2) 

performing the assembly process accurately, or (3) assembling as much as possible in the 

allotted time.  The goal is included in the task loop because changes in efficacy or task 

demands can bring about a modification in the goal.  The goal can influence how instructions 

are used (literal or functional interpretation) as well as how an error is defined (threshold 

accuracy) and corrected (amount of backtracking).  For instance, if the focus is on an accurate 

process, the deconstruction to fix an error might be more extensive.  If the goal is to assemble 

as much as possible, some errors can simply be ignored.   

Difficulties may occur at any phase of the task process: interpretation of instructions, 

execution, or error checking.  If adequate mental models exist and a correction can be made 

with little effort, self-efficacy is bolstered.  Otherwise, the child may try to assimilate the 

problem into an existing mental model, or accommodate the existing model to match the 

problem.  Larger errors require conscious attention and typically result in assignment of 

blame.  When attributed to self, there is a negative impact on self-efficacy which could lead 

to disengagement.  Occasionally, self-attribution could be offset by a social comparison 

lessening the effect on self-efficacy.  When difficulty is attributed to the instructions, it can 

result in a loss of trust in the instruction accuracy and it can affect perceptions of the task, 

engagement, and goal.   

The schemas and models are continuously tested and modified throughout the task as 

depicted by the double-sided arrows in the figure.  The complexity, accuracy, and 

completeness of the mental models are constrained to a degree by the stage of the child’s 

cognitive development.   

This model is just a first step in developing an understanding of the child-task-

instruction interaction and the relationship to self-efficacy.  Additional observation and 

testing is needed to validate and/or modify the model. 
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4.3.6. Integration of grounded theory with task analysis 

The proposed model of toy assembly provided a useful framework for describing 

how self-efficacy is impacted by assembly tasks.  However, it did not explicitly address 

instruction design recommendations to best support the development of skill and confidence 

in this domain.  It was important to examine the flow of task elements to identify potential 

problems as well as the ways in which children worked to resolve them.  Figure 55 and 

Figure 56 provide a more detailed task-flow model of the instruction interpretation, 

execution, and error checking phases.  The greyed boxes indicate the ideal path, one in which 

the child has no appreciable difficulty.  In reality, there are many opportunities for a child to 

experience problems – identifying a frame, step or operation; selecting or placing a part; or 

checking for errors.  Within any one of these phases, a child may not recover from the 

problem, and may disengage from the instructions (free-building) or from the parts as well 

(abandonment).  Examples of potential problems and general coping or mitigation strategies 

are given in Table 52.  These examples show that instructions must be designed with full 

knowledge and appreciation of the capabilities and limitations of children at various stages of 

development. (For information on specific usability problems from this research, see Section 

3.5.9).   

At any phase in the cycle, the child may invoke a social comparison to determine if 

he or she feels qualified for the task (Figure 57).  This intervening condition can influence the 

child’s expectations for success and thus level of engagement.  Alternatively, the child may 

decide that instructions are incorrect and invalid.  If the distrust is significant enough, the 

instructions may be abandoned entirely. 
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Figure 55.  Task flow analysis of assembly process  
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Figure 56.  Task flow analysis of assembly process continued 
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Figure 57.  Social comparison (L) and instruction validity checks (R)  
can occur at any point in the child-task-instruction interaction.
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Table 52.  Examples of Usability Problems and Mitigation Strategies for  
Each Phase of the Assembly Task 

Stage Examples of  
Usability Problems 

Child’s Possible  
Mitigation Strategies 

Instructions: 
Initial Assessment 

• Negative perception or social 
comparison hinders performance  

• Adjust goal or accuracy levels 
 

Instructions: 
Frame & Step Selection 

• Completed picture mistaken for 
first frame 

• Frames and/or steps not used in 
intended order 

• Interim assembly pictures 
mistaken for assembly frame 

• Cognitive overload with multi-
frame page 

• Work from completed picture 
• Select Simplest step or frame 
• Select top-most frame or step 
• Ask for help 
 

Execution: 
Part Selection 

• Color, shape, and/or size 
mismatch 

• Part borders misperceived (e.g. 2 
parts viewed as 1) 

• Part obscured 
• Picture size makes identification 

difficult 
• Difficulty naming parts 

• Find best match sacrificing one or 
more characteristics (shape, size, 
color) 

• Begin with largest part 
• Physical comparison of part to 

instructions 
• Select part based on fit or function 
• Process of elimination 
• Trial and error 
• Ask for help 

Instructions: 
Operation Identification 

• Graphic syntax misunderstood 
• Depiction misleading 
• Motion cues not understood 
• Perceived order of operations 

incorrect 
• Picture size makes identification 

difficult 

• Look more closely 
• Compare frames and steps for 

additional information 
• Trial and error 
• Ask for help 

Execution: 
Part Placement 

• Part misoriented 
• Part misplaced 
• Assembly misoriented 

• Place by fit or function 
• Trial and error 
• Ask for help 

Error Checking • Assembly judged correct when 
incorrect 

• Assembly incorrect 

• Accept error 
• Fix error by backtracking, 

changing the part, operation, step, 
or frame. 

• Apply general building properties 
to self-correct 

• Trial and error 
• Ask for help 
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4.4. Discussion 

The focus of this research was to understand and model how children develop self-

efficacy with instruction-based assembly within the context of usability.  In a variety of 

domains such as mathematical problem solving, self-efficacy was more predictive of 

problems solving success than prior experience (Pajares & Miller, 1994).  Pajares and Miller 

found that children with less self-efficacy were less likely to engage in the task, made less 

effort, and exhibited less persistence than children with higher self-efficacy. Self-efficacy is a 

complex construct that can be significantly and directly impacted by usability.  Assembly 

instructions are the information conduit between the child and the assembly task and their 

design is paramount to self-efficacy and usability.  ISO 9241-11 (1998) characterizes 

usability as effectiveness, efficiency, and satisfaction, while Nielsen (1993) suggests usability 

is learnability, memorability, efficiency, satisfaction, and errors.  Without sufficient self-

efficacy and engagement of the child, pictorial instructions cannot be deemed usable for that 

child.  This is the rationale for extending the study beyond the traditional aspects of usability 

into the psychosocial domain. 

Applying grounded theory methods to observation and verbal protocol data, a model 

of the child-task-instruction interaction was proposed (Figure 54) to show how self-efficacy 

elements relate to an assembly task.  Gender, age, and individual differences were noted as 

they impacted interpretation of instructions, execution and error checking, and perception.  

An integration of the proposed model with a task flow diagram revealed instruction design 

elements that could create barriers to success and self-efficacy development and that should 

be noted by instruction designers.  The following discussion is structured around the 

grounded theories, or hypotheses, shown in Table 53.  These were developed from a child’s 

psychosocial and cognitive points of view and provide much-needed context for instruction 

designers. 
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Table 53.  Grounded Theories from the Study Of Six- and Nine-Year-Old Children 
Assembling Toys from Pictorial Instructions 

1. Of equally skilled girls and boys, girls are likely to have lower self-efficacy and more likely to 
attribute difficulty to themselves. 

2. Difficulty with one assembly can result in lower self-efficacy even on dissimilar assembly tasks. 
3. Unclear instructions for boy-oriented building toys intensify declines in assembly self-efficacy in 

girls. 
4. Difficulties interpreting instructions are more likely to cause a younger child to disengage. 
5. Color is a primary cue in assembly tasks, especially for younger children, and must be used 

carefully and accurately. 
6. Information content (cognitive load) should be lower for younger children 
7. Girls are more likely to focus on an accurate process while boys are more likely to focus on an 

accurate outcome. 
8. Initial perceptions of the instructions have an effect on self-efficacy and expectations for fun and 

success. 
9. More children would increase building self-efficacy if toys were selected by skill-rating to provide an 

optimum challenge level and allow for individual goal-setting. 
10. There is an optimum challenge level that maximizes a child’s fun on an assembly task.   

 

Of equally skilled girls and boys, girls are more likely to have lower self-efficacy and more 
likely to attribute difficulty to themselves. 

In this study, girls exhibited less self-efficacy and were more likely to have self-

directed negative verbalizations, emphasizing a lack of ability (e.g. I can’t do this).  In stark 

contrast, boys uttered the majority of external attributions, or blame directed toward the 

instructions (e.g. These instructions make it too hard).  The finding that girls were more 

likely to blame themselves for failure aligns with findings from research about children’s 

perceptions of mathematical successes and failures (see Stipek and Gralinski, 1991, for a 

review).  Stipek and Gralinski found that among third-graders (typically around 8 years old), 

girls attributed failure to low ability more often than did boys.  Boys were more likely than 

girls to attribute their math success to ability and their failure to poor luck.  In addition, girls 

were more likely to have feelings of shame when encountering difficulties (Weiner, 1986).  

Thus, poorly-designed or overly-difficult instructions may negatively affect girls to a larger 

extent than boys causing girls to avoid construction tasks. 

In Ohlsson’s (1996) model of task learning (Table 54), attributing blame is a natural 

component of error correction.  He suggests that when the reasons for the error are complex, 
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the learner may employ a cause-effect shortcut and blame the error on the action just before 

error detection.  The source of that blame may the child or the instructions. 

 

Table 54.  Functional Breakdown of Learning from Errors (from (Ohlsson, 1996) 

Learn to do unfamiliar task: 
1. Generate task-relevant behavior 

a. Activate possible actions 
b. Select action 
c. Carry out action 

2. Learn from undesirable outcome 
a. Detect error 
b. Correct error 

i. Assign blame 
ii. Attribute bad outcome 
iii. Revise the faulty knowledge structure 

 

Difficulty with one assembly can result in lower self-efficacy even on dissimilar assembly 
tasks. 

There was some evidence that self-efficacy levels at the conclusion of one assembly 

task impacted self-efficacy on separate assembly tasks.  One example described in the results 

told how a six-year-old boy’s struggle with the BIONICLE carried through the Lincoln Log 

and LEGO assemblies.  Although he indicated having the most experience with LEGOs, he 

exhibited little tolerance for difficulty and low self-efficacy despite the fact that the LEGO 

components and instructions were very different from those of the BIONICLE.  This possible 

influence of the BIONICLE difficulty on the LEGO assembly is similar to a phenomenon 

called asymmetric transfer, described by Poulton (1982) in his critique of within-subject 

research designs.  He indicates asymmetric transfer can occur any time that within-subject 

conditions require different strategies and it can result in unanticipated biases.  In the 

assembly task, it might seem that transitioning to the LEGO task would offer the participant a 

clean slate.  Logically, he or she should recognize the new task as being different and should 

return to a “normal” level of self-efficacy.  That may not be the case as a difficult assembly 

task may deplete self-efficacy for an indeterminate amount of time affecting performance on 

subsequent assembly tasks. 
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Unclear instructions for boy-oriented building toys intensify declines in assembly self-
efficacy in girls. 

A gender difference in attribution bias was amplified by the overtly boy-oriented toy.  

When girls struggled with a masculine toy like BIONICLE, they often attributed the 

difficulty to their lower ability and marveled at how boys “could do it,” further reinforcing 

their perception that boys must have an innate skill set that allows them to complete the 

assembly rather than recognizing that boys generally have greater exposure to boy-oriented 

toys.  Compounding the problem is that when a child believes a toy is intended for the 

opposite gender, they generally like it less (Martin, Eisenbud, & Rose, 1995) which can 

impact the child’s motivation.  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.   

Difficulties interpreting instructions are more likely to cause a younger child to disengage. 

Self-efficacy and skill development cannot take place without sufficient engagement 

in the task.  A number of children exhibited fluctuating patterns of self-efficacy, especially 

the younger children, who could swing quite dramatically between feelings of confidence and 

feelings of hopelessness.  Six-year-olds tend to think in extremes, in terms of all or none 

(Stone & Lemanek, 1990).  Given that, even a small difficulty can cause a younger child to 

believe the assembly is hopelessly difficult.  This underscores the need to have task 

requirements that stretch, but do not exceed the child’s range of abilities. 

Color is a primary cue in assembly tasks, especially for younger children, and must be used 
carefully and accurately. 

Color mismatch, one of many usability issues identified, was highlighted because it 

affected many children and there were a larger number of related verbal comments.  (Detailed 

descriptions of other usability problems can be found in section 3.5.9 and corresponding 

design guidelines can be found in section 3.6.1.5.)  Trust in instructions was jeopardized by 

color mismatches more than any other usability problem.  If colors are difficult to depict 

accurately, like black and grey, they should be avoided in more basic construction toys 

intended for younger children or lower skill levels.  Designers should use colors that 

minimize confusion (e.g. blue and red rather than red and yellow). 
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The discrepancy between colors as represented in the instructions and on the actual 

object created dissonance and reduced self-efficacy among younger children in particular.  

Much of the source of the color confusion was due to parts that were grey in color.  It may be 

significant that names for the colors brown and grey emerge only at about 45 months of age, 

which is about nine months later than when the the names of the nine basic colors emerge 

(Pitchford & Mullen, 2002).  Although two of the twenty-four participants in this study were 

known to speak another language, one’s native language can influence the ways in which the 

spectrum of colors are categorized (Ozgen, 2004).  Ozgen explains that one culture has a 

single name for blue and green, while another has a name for the color of dying leaves! Of a 

child’s ability to sort colors into like categories, Baldwin and Stecher (1925, as cited in Cook, 

1931) noted that just 35.8% of six-year-olds could correctly place 40 color swatches into four 

categories: red, green, yellow, and blue.  Of greatest difficulty were the pastels, which were 

thought to be separate categories.  Fundamental color matching research in school-aged 

children is needed. 

Color emerged as a primary identifier of parts.  Younger children had simple naming 

schemes for parts while older children were more likely to employ multidimensional names.  

The influence of age on the relative importance of color, size, shape, or other features on part 

selection is not well-understood.  One notable, still cited study, found that up to age three, 

judgments of similarity are based on form; from ages three to six, color takes precedence; 

then by adulthood, 90% of selections are made again on form (Brian & Goodenough, 1929).  

This lends credence to the theory that color is of greatest importance to the six-year-olds and 

of less importance to the nine-year-olds.  A more recent study by Baldwin (1989) confirmed 

the precedence of form over color for categorization tasks among children ages 2 and 3 years; 

however, the relative importance of form and color has not been verified recently in school-

aged children.  It is conceivable that the young children in this research verbalized color 

attributes simply because they had the lexicon more readily available for color than for form 

or shape.  The form versus color question warrants further exploration as does an examination 

of the influence of a pre-learned vocabulary for component naming on performance. 

Information content (cognitive load) should be lower for younger children 

Children varied in their responses to the multi-frame instructions used with the 

Lincoln Logs and BIONICLE.  Some children clearly experienced cognitive overload.  They 
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coped by physically limiting information such as folding instructions or by disengaging as 

several young children did when opening to the second page of Lincoln Log instructions.  

Children are much more likely than adults to encode features and aspects that are not 

germane to the task (Ridderinkhof & van der Stelt, 2000), thus hindering performance.  The 

younger the child, the less able he or she is to filter noise and to focus on the relevant aspects 

(Hale et al., 1997).  For younger children or those with lower skill levels, booklet-style 

instructions with limited information on each page are recommended.  However, as was 

observed in some older boys, there are cases where multiple frames enabled additional 

information to be extracted by comparing several frames or steps on the same page.  Multi-

frame pages should be limited to users with more developed skill sets.  One way to 

accommodate the needs of children of varying skill levels would be to include instructions for 

beginners and advanced users, or make alternative versions available online as printable 

documents. 

Girls are more likely to focus on an accurate process while boys are more likely to focus on 
an accurate outcome. 

There was evidence of goal-related strategy differences between genders that may 

impact self-efficacy.  Some girls focused on following the prescribed assembly process 

accurately, while more boys focused on achieving the correct outcome, regardless of process.  

Similarly, in a study of children four through eight years old, Murphy and Wood (1981) 

found that girls paid more attention to photographic assembly instructions and boys were 

more likely to use trial and error.  Beal (1994), in discussing mental rotation studies in 

children, suggests that girls tend to be more cautious with their answers and may be more apt 

to use a piece-by-piece strategy than boys.  However, solid evidence of this phenomenon is 

lacking. 

Studies of mathematical problem-solving strategies among children support the 

hypothesis of gender strategy differences.  For example, 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 (Carr & Jessup, 1997).  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 (Fennema et al., 1998).  Boys may be more willing to 
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follow instructions loosely because they have the confidence to detect and correct errors.  A 

greater conceptual understanding of building principles allows greater flexibility when 

interpreting and acting on instructions.  

Commission of errors was common in the assembly tasks.  These errors can be 

defined as “conflicts between what the learner believes ought to be true and what he or she 

perceives to be the case” (Ohlsson, 1996, p. 241).  Ohlsson makes an important distinction 

between objective errors, which are actions that deviate from the shortest, ideal path to the 

goal, and subjective errors, which are conditions believed to in error, but which may or may 

not be objective errors.  For instance, one child wrongly deemed a K’NEX flipper to be 

incorrect, then substituted it with an identical flipper.  That was a subjective error but not an 

objective error.  Goals, prior knowledge, spatial abilities, existing mental models, and 

schemas can affect whether or not an error is correctly detected. 

Initial perceptions of the instructions have an effect on self-efficacy and expectations for 
fun and success. 

There was some evidence among girls that initial reactions to the toy carried over 

into rankings of fun and ease.  This selective perception and confirmation bias was 

demonstrated in a study of school-aged children visiting nine stations on a field trip.  The 

children rated the anticipated fun of each activity, using a pictorial scale with five anchors.  

Afterward, 96% of the children rated experienced fun within one point (of five) of their initial 

assessment (Read et al., 2002).  A positive first impression may be an important factor in 

preserving self-efficacy and engagement.  Perhaps a good impression can best be made with 

booklet-style instructions that can limit cognitive load. 

More children would increase building self-efficacy if toys were selected by skill-rating to 
provide an optimum challenge level and allow for individual goal-setting. 

Some children employed social comparisons that could serve to either weaken or 

strengthen feelings of self-efficacy.  The belief that others have been successful (or not) can 

either bolster or discourage a child.  There is some empirical evidence for gender-specific 

responses to social comparisons.  One study found that when children ages 10-11 years 

worked on a computer task in the presence of others, the performance of girls with low 

expectations for success suffered (Joiner, Messer, Light, & Littleton, 1998).  It was just the 
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opposite for low-expectation boys whose performance was buoyed by having others working 

in proximity.   

Because social comparisons may have a negative impact among girls with low 

assembly self-efficacy, it could be helpful to rate toys by required skill level based on a 

measure of complexity (Richardson, Jones, Torrance, & Baguley, 2006), rather than assign 

seemingly arbitrary age ranges to products.  With skill ratings, girls and boys could 

essentially compete against themselves rather than others. 

There is an optimum challenge level that maximizes a child’s fun on an assembly task.   

Verbalizations revealed an inverted “U” relationship between fun and task difficulty 

that suggests that there is an optimum level of assembly task difficulty that produces the 

greatest enjoyment.  This relationship is characteristic of the Yerkes-Dodson Law (Yerkes & 

Dodson, 1909) that indicates there is an optimum arousal level for best performance. 

As several children remarked, easy is not necessarily equated with fun; these children 

exhibited an internal motivation for task mastery that was described almost half a century ago 

by Robert White of Harvard (1959).  In his review, he explained that animals as well as 

humans are intrinsically motivated to gain some degree of control over their environment.  

The motivation was termed effectance, and the goal was competence.  The associated 

sensation of satisfaction was called a feeling of efficacy.  Predictably, one study of effectance 

motivation revealed that 5th and 6th graders experienced the greatest pleasure with challenging 

anagrams and less pleasure with easily-solved problems. (Harter, 1974).  Among customer 

comments at an online retailer, terms associated with high-rated toys included engaging, 

challenging, and fun (Martin & Smith-Jackson, 2005), again showing the linkage between 

enjoyment and challenge. 

A survey of the literature on risk-taking among children (Little, 2006) reveals age 

and gender differences that may impact how large a jump in difficulty children may be 

willing to face, depending on the stakes.  Assessment of risk seems to drop until about 8 years 

then rise again after age 11.  Overall, boys engage in more risk-taking and rate their 

probability of injury lower, than do girls.  If these findings extend to task-oriented risks, girls 

may need additional encouragement to challenge themselves adequately.  Younger children 
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would benefit most from being guided to select assembly tasks that are within their abilities 

since they are less able to accurately gauge risk. 

As a main goal of toy manufacturers is to create demand for and sell their toys, so it 

is in their interest to have the toy perceived as fun.  This adds credence to the notion that a 

skill rating could help children and parents to select an assembly toy that is nearest to their 

optimum challenge level and thus more likely to be fun. 

 

4.4.1. Recommendations 

The model of self-efficacy and skill development in assembly tasks demonstrates the 

importance of well-designed, age-appropriate pictorial instructions for young children.  To 

develop and refine their mental models and schemas, children need challenging yet 

confidence-building practice and instruction designers are instrumental in that process.  Table 

55 relates children’s needs to designer’s contributions.   

Skill levels or ratings on construction toys could account for individual differences 

that are not reflected in one’s age.  The toys could be more specifically targeted to particular 

user groups in terms of number of pieces, differentiation of pieces, and instruction design.  

The benefit of skill labeling is that children could engage in tasks that are within the range of 

their ability, promoting success, and encouraging them to progress up the levels.  

Manufacturers would retain the child as potential customer because the skill labeling allows 

them to enjoy construction activities and be successful, thus buying additional products.  Skill 

labeling should follow a simple numeric pattern (Skill Level 1, 2, 3,…)  linked with 

recommended grade levels (PK, K, 1, 2,…) for independent assembly with average 

experience.  Language should indicate that parents can purchase up a skill level if they plan to 

help, or down a skill level if their child is new to assembly. 
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Table 55.  Children’s Assembly Skill-Building Needs and What Designers Can Provide 

Children need: Designers can provide: 

Sufficient self-efficacy to start the task  Instructions or assemblies for varying skill levels 

Positive first impression of the instructions Skill-appropriate booklet-style instructions that do not 
overwhelm with numbers of frames, steps, or operations 

Interesting and engaging task A range of gender-specific (including girl-oriented building 
toys) and androgynous toys 

Suitable challenge to make it fun Objective testing of products and labeling for (not currently 
existing) industry-standard skill ratings 

Trust in the accuracy of the instructions Accurate color representation, clear views, sufficient picture 
size, etc. 
Usability testing with intended consumers 

Confidence that their peers can or could complete the task Well-designed and tested instructions that do not favor 
membership in a particular group (e.g. with difficult 
instructions,  boys learn from other boys) 

Instructions that support process and outcome-oriented 
strategies 

Research needed in this area 

Time and practice with building toys All of the above! 

  

4.4.2. Limitations 

This grounded theory study examined self-efficacy as a derivative of usability in a 

methodical, systematic way.  Four criteria for trustworthiness of qualitative research have 

been adapted from quantitative methods and include credibility, transferability, dependability, 

and confirmability (Anfara et al., 2002).  Credibility was enhanced by triangulation, or 

verifying findings with multiple sources.  The theories resulting from observation, 

verbalizations, and quantitative measures dovetailed well with published research.  The 

context of the study was sufficiently well described to enable readers to determine the 

transferability to other contexts.  Results are likely transferable to other types of pictorial 

instructions for children such as health information, academic activities, or other procedures.  

The study was dependable in that consistent data collection and interpretation methods were 

used and documented.  Credibility and dependability could have been enhanced by including 

additional researchers to independently develop or audit the grounded theory.  The results of 

the study were largely confirmed by related literature, although in some cases, such as gender 
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differences in process versus outcome, the lack of related studies indicated that the construct 

requires further investigation. 

There are two recommendations for future replications of this study.  First of all, 

questions should be developed from the grounded theories and posed to the children in a 

semi-structured interview.  For instance, one could explicitly ask how the child selects a part, 

or inquire what he or she is most focused on to do a good job (process vs. outcome). 

Secondly, future studies should include an instrument to measure self-efficacy of assembly 

directly by asking participants about their predictions for success and their confidence level.  

Self-efficacy was extrapolated from related statements of confidence, motivation, and 

engagement.   
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5. CONCLUSIONS 

Patricia Wright, a noted usability researcher focusing on the design of electronic and 

print documents, wrote in Printed Instructions: Can Research Make a Difference (1999) that 

instructions remain a common part of life as they tell how to heat dinner, assemble furniture, 

operate kiosks and ATMs, and work with equipment.  She states that despite the critical 

importance of instructions, research in printed instructions is dwindling and instruction 

quality remains far from being consistently good.  Yet instruction design can have a direct 

impact on a company’s bottom line--profits.  When encountering poorly-designed manuals, 

people are less likely to make another purchase from that manufacturer (Graham, 2003).  Toy 

manufacturers cannot afford to alienate young customers particularly in one of the fastest-

growing toy segments, building sets  (Toy Industry Association Inc., 2005), which 

represented $695 M in sales in 2005.  Given obvious importance of instructions to the toy 

industry, this research has implications for them as well as for their young builders. 

This study addressed how pictorial assembly instructions could be designed and 

evaluated to best facilitate the development of instruction comprehension skills and 

assembly competencies among young children.  The methods and tools of human factors 

engineering were used to examine the usability of four commercially available toys and their 

pictorial assembly instructions.  Think-aloud methods, subjective evaluation instruments, 

observation, and semi-structured interviews contributed to new knowledge. 

The usability study demonstrated that elements of the instruction design can inhibit a 

child’s assembly progress and accuracy. Verbal protocol and observation identified thirty-two 

usability problems.  Twenty-seven corresponding instruction design guidelines were 

proposed to reduce the number of problem occurrences.  This list of systematically developed 

and targeted recommendations responded to the needs identified by writers and researchers: 

the guidelines are consolidated and easy to apply (Wright, 1999), not contradictory (Zwaga, 

Boersema, & Hoonhout, 1999), specific (Bonner, 1998), and clearly identify the 

circumstances and domain for application (Barnard & Marcel, 1984).  Many of the 

recommendations were very simple and can have a large impact without necessarily adding to 

the tight time or budget constraints of a toy manufacturer.  For instance, accurate coloring and 

judicious use of shading can have a dramatic effect on usability.  The guidelines may be 
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applicable in other domains such as computer-based or printed academic material, medical 

procedures (such as using a glucometer), safety procedures, or signage.  Although the 

recommendations were developed for six- and nine-year-olds, they would likely clarify and 

simplify instructions for older user groups as well.  The children were able to focus and 

attend to the task; in reality many adults find themselves splitting their attention and they 

would benefit from the improved design. 

Usability in the context of children and assembly tasks is related to self-efficacy, or a 

child’s belief in his or her ability to accomplish a task.  Self-efficacy has not previously been 

viewed as an element of usability, but particularly where the task relates to learning and 

development, it should be.  This is an important new development and contribution to the 

field of usability. 

The grounded theories and associated model show that poorly designed instructions 

can have a detrimental effect on self-efficacy.  Without sufficient self-efficacy, the child will 

likely choose not to engage with assembly tasks and may consider him or herself as 

inadequately skilled in that area.  It is important that human factors professionals and 

instruction designers understand the complex relationship between the characteristics of the 

child and the instructions.  Children vary in their cognitive development, flexibility of 

thought, ability to maintain self-efficacy when encountering errors, attributions, and their 

goals.  Carefully-designed, age-appropriate, universally-designed instructions can help all 

children regardless of skill or experience level.  This does not imply that all instructions 

should be simple and without challenge.  A lack of challenge is not much preferred to too 

great a challenge.  The difficulty level can be increased by varying the assembly task and 

components (Richardson et al., 2006; Richardson et al., 2004) or by increasing the number of 

operations per frame.   

The toy development process must have human factors input from the earliest design 

stages to ensure a user-centered focus throughout including instruction design.  One model 

for toy inventors (Rehtmeyer, 2007) identifies eight distinct phases of implementation: 

design, development, manufacturing, licensing, prototyping, focus testing, public relations, 

and marketing.  The first of these phases, design, focuses on consistent package graphics and 

illustrations created by a graphic designer.  Because the product, packaging, graphics, and 
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marketing are interdependent, they must be guided collectively by usability, which can in turn 

boost sales and market share.  

This study showed that children can be eager and informative participants in 

determining the usability of their own products.  Adult-based usability methods such as 

subjective evaluations and think-aloud methods were generally appropriate for these young 

children, with slight modifications.  For instance, the pictorial ranking procedure was very 

easy for the children to do.  This technique may be ideally suited to other user populations 

such as those with lower levels of cognitive ability or literacy rates. 

The results revealed important differences between six- and nine-year olds and 

between boys and girls.  Older children work more quickly and accurately, with fewer 

usability problems and broader knowledge of graphic syntax.  Six-year-old girls are the least 

accurate and the nine-year-old girls have the least fun.  Why are these differences important?  

They are significant because a meta-analysis of research results suggests a relationship 

among construction toys, spatial ability, and science and math achievement (Tracy, 1987).  

It’s important that all children regardless of age, gender, or culture be encouraged to 

participate in building activities, be challenged, and have fun. 

From this research, instruction designers, human factors professionals, and most of 

all, children (and their parents) benefit from new understanding, design guidelines, child-

centered usability practices, and usability measures.  Human factors professionals have 

additional data to inform child-centered usability practices.  Children are able to think-aloud 

effectively, use visual-analog scales and pictorial ranking instruments; they can stay engaged 

in building tasks for nearly an hour, and will tolerate a head-mounted camera and 

microphone.  Six-year-old children think aloud less and are less able to make a distinction 

among subjective constructs, but they still have much to share and contribute.  The study 

verified that objective as well as subjective measures are necessary to describe usability.  

Instruction designers benefit from the explicit guidelines as well as the recommendations for 

efficient and effective usability testing.  It is hoped that this study will demonstrate the 

benefits of usability testing that offset the cost, financial or time, to the company.  Perhaps 

toy companies will see the benefit of adding human factors professionals to their staff as 

many other types of industries have done.  Lastly, it is hoped that children will gain an 



 

 208 

advantage with skill-appropriate instructions that challenge and inspire rather than frustrate 

and discourage.  Parents can use the results of this research to make more informed decisions 

when purchasing building and constructions toys with instructions.  Without quality 

instructions that make the goal achievable, the toy loses much of its educational value. 

 

5.1. Future research 

This exploratory research provides a launching point for many additional areas of 

study.  The design guidelines that emerged from the research should be empirically verified.  

For instance, what is an optimum number of steps per frame or frames per page for a 

particular age or skill group?  What is the marginal performance gain for an increase in 

picture size?  There are countless numbers of research questions implicit in the design 

recommendations. 

Related to usability methods, it remains somewhat undecided whether rating or 

ranking instruments are more accurate and reliable for young children.  This is fundamental 

research that could produce valuable knowledge for many domains such as psychological 

assessment.  In this study, look and performance measures contributed to the characterization 

of usability.  In what contexts is one preferred to the other?  Does one measure have greater 

sensitivity for comparing two similar designs? 

Established definitions and models of usability should be revisited.  Are they 

appropriate for play, learning-focused tasks, or child-centered tasks?  Should models be 

updated to include self-efficacy? 

The proposed model of assembly self-efficacy should be validated, refined, and 

expanded with similar assembly tasks, but with self-efficacy measured directly.  Although 

self-efficacy has been measured in academic and therapeutic domains, how can assembly 

self-efficacy best be assessed?  A minimally intrusive method is desired to measure the 

construct periodically throughout a task.   

There is a wealth of opportunity for research into gender differences. Why do six-

year-old girls have more difficulty, and nine-year-old girls have less fun?  Is it related to 
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aspects of the task or toy (gender-type)?  Perhaps it is socialization and gender-related 

differences in experiences.  How do spatial and sensory differences impact performance?  

What might be the challenges and benefits of skill-level labeling for assembly toys? 

Lastly, it is important to understand cultural or ethnic differences related to pictorial 

assembly instructions.  Because they are often used for products in an international 

marketplace, how are they perceived by different user groups?  What conventions can be 

considered universal and which can not? 

Future studies should be directed at refining the understanding of universal pictorial 

instruction design to encourage children to succeed and nurture their self-efficacy and spatial 

abilities through appropriately challenging activities, regardless of gender or culture.  

When replicating or expanding in this area of study, it must be recognized that 

studies with children have some unique requirements.  First of all, it is recommended that the 

sessions be conducted in a place that is familiar to children, such as an after-school program 

or a meeting room in the library.  A library can be a convenient setting for parents of 

participants particularly if they have other children along.  

If working with an after-school program, send a brief initial letter soliciting interest 

then follow up with the permission forms.  Too much information in the initial contact may 

cause the packet to be ignored amidst the daily influx of academic papers.  To attract children 

with varied interest and experience levels, keep the recruiting information general.  Refer to 

playing with toys rather than building toys.   

It is important that the session run smoothly and efficiently, particularly for an hour-

long session.  Any delay can be distracting to a child and can run the risk of reducing their 

focus.  Toys and other supplies should be hidden from view underneath the work table, and 

brought out individually to eliminate anticipation or anxiety toward a forthcoming toy.  Prior 

to conducting a usability study with children, the human factors professional should identify 

the circumstances for verbal interaction during the task then clearly communicate this to the 

child.  Otherwise, with the close proximity of the researcher and child, there is a natural 

tendency for dialog.  Ideally a research assistant should be employed to help run the session, 

particularly if a camera and real-time video capture software is used.  Without an assistant, 
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the researcher has much to attend to – forms, equipment, and protocols – which increases the 

opportunity for procedural error.  If a cap-mounted camera and/or microphone are used, 

manage the cords so they create little interference for the child.  Large binder clips can be 

used to anchor the cords to the back of the chair. 

Provisions should be made to reduce the need for the child to leave the room during 

the session.  This includes having a box of tissues, drink, and snack available for the child.  

Compensation for the child should be as immediate as possible.  A small toy may be 

preferred to a gift certificate, particularly for younger children.  Allowing a child to choose 

among toys adds excitement and a Polaroid or other type of memento is often appreciated. 

Although usability testing with children can be challenging, children bring a unique 

energy and enthusiasm to an investigation.  Children can be quiet and understated about their 

needs and frustrations, but they will provide a wealth of information to the human factors 

professional who seeks it. 
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Appendix  B – Invitation Letter to Parent or Guardian 

August 30, 2005 

Dear Parent or Guardian, 

Your child _________________________ may be eligible to participate in a research study 
on the design of toy assembly instructions that I am doing as part of my doctoral dissertation at 
Virginia Tech.  I am requesting permission to select your child for this study which will take part 
during his/her time at (club) at (school).  Although permitted by the school administration, this 
research has no connection to the school.  Your child does not need to have assembly experience. 

The information I will collect includes your child’s age, past experiences assembling toys, 
performance on assembly tasks, and your child’s feedback and ratings regarding the toy assembly.  I 
will also be videotaping your child during the toy assembly, but no one outside the research group will 
see this video.  Your child’s identity will be coded and his/her name will not be used in any way as part 
of the written report.   

The session will last no longer than an hour and will be scheduled as part of his/her after 
school time at (club).  It will take place in a quiet area in the program location or possibly another 
room within the school.  Regardless, two adults will be with your child.  There are minimal risks of 
fatigue or frustration, but the task should be enjoyable. 

Your child will have the opportunity for a rest break during the session.  With your 
permission, a small snack and drink will be available for your child.  At the conclusion of the session, I 
will take a photo of your child with the toys he/she assembled for him/her to take home to share with 
you.  Your child will also get to choose a toy to keep for his or her participation. 

If you would like your child to be eligible to participate in this study, please sign and date the 
form at the back of the informed consent and return it in the postage-paid envelope.  You do not need 
to return the Child’s Assent form.  That is included for your review.  If your child is selected, you will 
be called to schedule your child’s session time and date.  If after scheduling you find your child will 
NOT be in the program that day, please inform me as soon as possible so we may reschedule.  Please 
note if your child is not selected, it is because there are enough participants in a particular group. 

If you have any questions or concerns, feel free to contact me at martinc@vt.edu or  
230-9366.  

Thank you for your consideration and assistance.  

Sincerely, 

 

 

Cortney Martin 

Doctoral Candidate, Grado Department of Industrial and Systems Engineering 
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Appendix  C – Participant Recruitment Flyer and Email 
 
Email Announcement 
 
 
The Human Factors Engineering and Ergonomics Center in the Grado 
Department of Industrial and Systems Engineering at Virginia Tech is 
looking for children between the ages of: 
 

5 years 6 months TO 6 years 6 months 
8 years 6 months TO 9 years 6 months 

 
They may be eligible to participate in a study about pictorial toy 
assembly instructions. The results will be used to identify ways to 
make the instructions easier to use.  The study takes about an hour 
and involves the child putting together several small toys, talking 
about the assembly, answering questions and rating the toys. 
Children will choose a small gift in exchange for their 
participation. 
 
Who may participate? 
• Any boy or girl, ages 5 yrs 6 months to 6 yrs 6 months OR 8 years 

6 months to 9 years 6 months.   
• No prior assembly experience is necessary.   
• Participants should be free of visual, auditory, motor 

difficulties or learning disabilities that might affect his or 
her performance assembling toys 

 
Where will this take place? 
• The Blacksburg Public Library Reading Room or Community Room at 

200 Miller Street 
 
 
If you are interested in learning more, contact Cortney Martin at 
martinc@vt.edu, or call (540) 230-9366. 
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GIRLS and BOYS 
wanted to participate in a study on 

 
Usability of Pictorial Toy Assembly Instructions 

 

 

 
ages 5½  to 6½ years 

or 
ages 8½  to 9½ years 

 

 
 

What is it? 

The Human Factors Engineering and Ergonomics Center in the Grado Department of 
Industrial and Systems Engineering at Virginia Tech is looking for children between the ages 
of 5.5-6.5 and 8.5-9.5 years to participate in a study about pictorial toy assembly 
instructions. The results will be used to identify ways to make the instructions easier to use.  
The study takes about an hour and involves the child putting together several small toys, 
talking about the assembly, answering questions and rating the toys. Children will choose a 
small gift in exchange for their participation. 

Who can 
participate? 

• Any boy or girl, ages 5 yrs 6 months to 6 yrs 6 months OR 8 years 6 months to 9 years 
6 months.   

• No prior assembly experience is necessary.   
• Participants should be free of visual, auditory, motor difficulties or learning disabilities 

that might affect his or her performance assembling toys 
 

Where? The Blacksburg Public Library Reading Room or Community Room.  200 Miller Street 
 

Who Do I 
Contact? 

If you are interested in learning more, contact Cortney Martin at martinc@vt.edu, or call 
(540) 230-9366. 
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Appendix  D – Informed Consent 
 

Virginia Polytechnic Institute and State University 
Informed Consent of Investigative Projects 

for Parent/Guardian of the Participants 
 
Title of Project:  Usability of Pictorial Assembly Instructions for Children                
 
Investigators:  Cortney Martin and Dr. Tonya Smith-Jackson  
 
I.  The Purpose of this Research/Project 
 Building toys and models are commonly enjoyed by children but their instructions are often 
difficult for children to understand and use.  We are trying to determine the features that are important 
for creating instructions that are usable for children. This study is designed to observe how children 
use existing assembly instructions from commercially available toys. 
 
II.  Procedures 
 Participants.  Participants will include a total of twenty-eight children: seven males, 6 years 
old; seven females, 6 years old; seven males, 9 years old; seven females, 9 years old. 
 
 Location.  The participants will participate in one of two locations (1) their after-school 
program at their local school or (2) the Reading Room at the Blacksburg branch of the Montgomery-
Floyd Regional Library at 200 Miller Street in Blacksburg;  
 
 Session.  There will be a single one-hour session.  It will begin by reviewing the informed 
consent (location 2 only) and asking for the child’s informed assent.  The pre-study questionnaire will 
be administered orally.  The participant will be fitted with a cap-mounted camera to assemble a simple 
toy, trying the think-aloud procedure.  Then they will work on the remaining three assembly tasks, 
using the think-aloud protocol, rating the instructions, rating the assembly, and answering structured 
questions.  The participant will be videotaped for later review. 
 
III.  Risks and Efforts to Minimize Risks 
 The participants will be asked work as quickly and carefully as they can on each task.  Risks 
could include visual strain from reading the instructions, soft-tissue (muscle, tendon) strain from 
manipulating parts, or frustration from difficulty.  This will be minimized by providing verbal support 
when needed and emphasizing that the study is intended to find problems with the instructions, not to 
evaluate the participant’s performance. 
Risks will be minimized by providing participants with a rest period and snack break between 
assembly tasks (apple juice and bag of graham cookies) if needed or at the end of the session. 
 
IV.  Benefits of this Project 
 This study will be used to create design guidelines for pictorial assembly instructions for 
children.  The participant in this study will benefit by the experience of working with a variety of 
building materials and instructions.  The toys foster development and learning.  This should be an 
enjoyable experience for the participant. 
 
V.  Extent of Anonymity and Confidentiality 
 Participants will be identified only by a code and individual results obtained from the 
videotaped assembly sessions and the questionnaires will be completely confidential. However, overall 
results of the study will be available to the public. 
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VI.  Compensation 
 Participants will select a toy gift at the end of the session. 
 
VII.  Freedom to Withdraw 
 Participants may withdraw from this study at any time with no penalty. They are also free not 
to answer any questions or respond to any experimental situations that they choose with no penalty.  
Parents will be permitted to observe this project and may withdraw their child at any time without 
penalty. 
 
VIII.  Approval of Research 
 This research project has been approved by the Institutional Review Board for Research 
Involving Human Subjects at Virginia Polytechnic Institute and State University and the Department 
of Industrial and Systems Engineering.  The elementary school administration has granted permission 
for the research to be conducted on school property, although it is not affiliated with this project in any 
way. 
 
IX.  Participant’s Responsibilities 
 Participants are expected to attend their scheduled session and arrive on time.  If a session 
must be rescheduled, contact the researcher (Cortney Martin) as soon as possible at 230-9366. 

  
X.  Participant’s Permission 
I have read and understand the attached Informed Consent and conditions of this project. I have had all 
of my questions answered. I hereby acknowledge the above and give my voluntary consent for my child 
to participate in this project. I agree to abide by the participant responsibilities listed above. If my child 
participates, I understand that I may withdraw him/her at any time without penalty. 

 

□  I GIVE permission for my child to participate in the toy assembly research study.  His or her 
vision and hearing are normal or corrected-to-normal 

 

 Does your child have any motor difficulties or learning disabilities that might affect his or her 
performance assembling toys?   
□NO   □if YES explain  __________________________________________________ 
 

Is your child permitted to have apple juice with animal crackers?   

□NO   □YES 

______________________________________  ___________________________________   
 Name of Child Child’s birthday (month/day/year) 

______________________________________  ___________________________________   
 Signature of Parent/Guardian Today’s Date 
 
 
Should I have any questions about this research or its conduct, I may contact: 

o Cortney Martin, Doctoral Student, Grado Dept. of Industrial and Systems Engineering, 
Virginia Tech, 231-6656,  martinc@vt.edu  

o Dr. Tonya Smith-Jackson, Assistant Professor, Grado Dept. of Industrial and Systems 
Engineering, smithjac@vt.edu 

o David Moore, Chair, Institutional Review Board, Research Compliance Office, Virginia 
Tech, 540-231-4991, moored@vt.edu
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Appendix  E – Child’s Informed Assent 
 

Virginia Polytechnic Institute and State University 
Participant Assent 

 
Title of Project:  Usability of Pictorial Assembly Instructions for Children                
Investigators:  Cortney Martin and Dr. Tonya Smith-Jackson  
 
I. Explanation of Research to Child 

 
Introduction I am going to read you some information about what I am asking you to 

do today.  Listen carefully.  I will ask you at the end if you want to do 
this. 

Purpose I am trying to find out what makes toy assembly instructions easier to 
use.   

Procedures I am going to ask you to try to put together four toys using their 
instructions.  You will have up to 15 minutes to assemble each toy, but I 
don’t expect you to finish them.  I will ask you to wear a hat with a 
camera on it and I will pin a small microphone to your shirt.  While you 
are putting the toy together, I will ask you to tell me everything you are 
thinking about.  After you work with the toy and instructions, I’ll ask you 
some questions about the instructions.  At the very end, I will ask you 
which was the most fun.  It should take about an hour. 

Risks You might get a little tired or frustrated, but after an assembly you may 
have a short break to get a drink or to go to the restroom if you need to.  
Afterward, we will start with the next toy. 

Benefits You will be helping us understand the best way to design assembly 
instructions. 

Confidentiality  I’ll be videotaping you, but no one outside this project will see the video.  
Also, I will not use your name on anything. 

Compensation When you are all finished, you can have a snack and choose a gift from 
the treasure box. 

Freedom to Withdraw  You should let me know if do not want to answer questions.  You may 
stop participating at any time.   

Participant Responsibility  I will need you to remain in your seat and do your best to assemble each 
toy, do your best to say your thoughts out loud, and do your best 
answering the questions. 

 
II. Asking for Child’s Verbal Assent 
Do you have any questions or concerns?  Are you willing participate in this study and put some toys 
together? 

 
III. Witness Affirmation 
The child verbally agreed to participate in this research study.  I understand that the parent received a 
copy of this assent form. 

______________________________________  ___________________________________   
 Child’s Name Signature of Researcher 

______________________________________  ___________________________________   
 Signature of Witness Today’s Date 
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Appendix  F – Pre-Assembly Questionnaire 

Participant Code:  ______________________  Loc._________________________  

Quiet _______   Think Aloud _______   Toy Order:       ____     ____    ____ 

1. Have you played with: 
 LEGO or Mega Bloks .................Lots ...........A little 
 Playmobil .................Lots ...........A little 
 Lincoln Logs .................Lots ...........A little 
 K’NEX .................Lots ...........A little 
 BIONICLE .................Lots ...........A little 
 Tinker Toys .................Lots ...........A little 
 Gears .................Lots ...........A little 
 Hot Wheels .................Lots ...........A little 
 Other? ................Lots ...........A little 
 

2. How often do you play with those kinds of building toys? 

□ Most days? 

□ Once a week? 

□ Every once in a while? 

□ Never? 

 

3. Building things is…  

□ Really fun - my favorite thing to do 

□ Fun 

□ A little fun 

□ Not fun at all 

 

4. If you do build models that come with directions, do you: 

□ Follow the directions closely 

□ Look at the directions just sometimes 

□ Not look at the instructions at all 
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Appendix  G – Toys Referenced in Pre-Assembly Questionnaire 
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Appendix  H – Rating Scale Training Material 

 

Reading 

 

 

 

 

 

 
    
    

HARD 

    

EASY 

  

 

 

 

 

 

 
    
    

NOT AT ALL 
FUN     

REALLY 
FUN 

  

 

 

 

 

 

 
    
    

REALLY 
FRUSTRATING     

NOT AT ALL 
FRUSTRATING 
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Visual Analog Scale Training Material Continued 

 

 
 

Making Your Bed 
 

 

 

 

 

 

 
    
    

HARD 

    

EASY 

  
 

 

 

 

 

 
    
    

NOT AT ALL 
FUN     

REALLY 
FUN 

  
 

 

 

 

 

 
    
    

REALLY 
FRUSTRATING     

NOT AT ALL 
FRUSTRATING 
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Appendix  I – Assembly Rating Instrument 

 

Participant Code:  __________________ 

Toy:      K’NEX Horiz K’NEX Vert BIONICLE    LEGO    LL  

 

 

 

 

 

 

 
    
    

HARD 

    

EASY 

  

 

 

 

 

 

 
    
    

NOT AT ALL 
FUN     

REALLY 
FUN 

  

 

 

 

 

 

 
    
    

REALLY 
FRUSTRATING     

NOT AT ALL 
FRUSTRATING 
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Appendix  J – Again-Again Table 

Would you like to do it again? 
    

  
NO 

 
MAYBE 

 
YES 
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Appendix  K – Ranking Instrument 

This shows what the top row might look like after completion.  Participant received a blank 
form and groups of four paper pictures. 

 
 1 2 3 4  

 
HARD 

  
 

 

 
EASY 

 
NOT AT ALL 

FUN  

     
REALLY 

FUN  

 
REALLY 

FRUSTRATING  

     
NOT AT ALL 

FRUSTRATING  

 
 

WORST 
INSTRUCTIONS 

    
 

 
BEST 

INSTRUCTIONS 
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Appendix  L – Structured interview 

 

Preference: 

1. What made these instructions the best? Remember, whatever you can tell me will help to 
design instructions better. 

2. What made these instructions the worst?  Can you show me the hardest part?  Remember, 
whatever you can tell me will help to design instructions better. 

3. What did you like or not like about the other two instruction sets? 

4. Which instructions had the size picture you liked best? 

5. Do you prefer the booklet or the single sheet?  Why? 
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Appendix  M - Graphic Syntax Quiz 
 

1. LEGO: What are these numbers for (numbers on subassy)? 
   KNOWS   DKN (does not know) 
 

2. LEGO: What is the 2x for? 
   KNOWS   DKN 
 

3. LEGO: Show me the last step number  to put this together? 
   KNOWS   DKN 
 

4. BIONICLE: What are the arrows for? 
   KNOWS   DKN 
 

5. BIONICLE: What are these numbers for (2, 5, and 6)? 
   KNOWS   DKN 
 

6. BIONICLE: What are these pictures for? (point to inset pictures) 
   KNOWS   DKN 
 

7. BIONICLE: What are the 1 and 1 for? (from 1:1) 
   KNOWS   DKN 
 

8. BIONICLE: Show me the last step number  to put this together? 
   KNOWS   DKN 
 

9. Lincoln Logs: What are the arrows for? 
   KNOWS   DKN 
 

10. Lincoln Logs: What is the 1-4 for (step 5)? 
   KNOWS   DKN 
 

11. Lincoln Logs: What is the inset picture for (1-4) 
   KNOWS   DKN 
 

12. Lincoln Logs: What are the numbers for? 
   KNOWS   DKN 
 

13. Lincoln Logs: Why are some parts really light-colored? 
   KNOWS   DKN 
 

14. Lincoln Logs: Show me the last step number  to put this together? 
   KNOWS   DKN 
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Appendix  N – Permission Letters to Reprint Instructions 

 



      

  241 
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Appendix  O – Toy Instructions 

 

 
 
 

K’NEX Vertical 
Kid K’NEX Fish-Eyed Friends (#85130/62728) 

Page 8 
Actual size is 6.5” x 6.5” 

  
K’NEX and Lincoln Log are copyrights of K’NEX Industries, Inc.   

Used herein with permission.  K’NEX is not a sponsor of this work. 
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K’NEX Horizontal 
Kid K’NEX Fish-Eyed Friends (#85130/62728) 

Page 6 
Actual size is 6.5” x 6.5” 

 
K’NEX and Lincoln Log are copyrights of K’NEX Industries, Inc.   

Used herein with permission.  K’NEX is not a sponsor of this work. 
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LEGO X-POD (#4349) 
Actual size is 6.25” x 4.75” booklet when opened, stapled in center 

 
LEGO, the LEGO logo and BIONICLE are trademarks of the LEGO Group and are used here with permission.  

 © 2007 The LEGO Group.  All Rights Reserved.  The LEGO Group does not sponsor or endorse this publication 



      

  246 

 
 

 LEGO BIONICLE (#4878)  Actual size is 8.7” x 10.8”  
 

LEGO, the LEGO logo and BIONICLE are trademarks of the LEGO Group and are used here with permission.  
 © 2007 The LEGO Group.  All Rights Reserved.  The LEGO Group does not sponsor or endorse this publication 
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Lincoln Logs Frontier Junction 
Actual size is 17” x 11” booklet when opened folded along vertical axis 

 
K’NEX and Lincoln Log are copyrights of K’NEX Industries, Inc.   

Used herein with permission.  K’NEX is not a sponsor of this work. 
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Appendix  P – Sample Transcripts 

 

Lincoln Log – Nine-Year-Old Boy 

Kind of getting to it.  First you have to find the pieces and sort them out then you find 
the.  Stay still!  And you put that there.  This there.  This there.  And you just do it one step at 
a time.  I just whiz through it like it’s nothing.  I’ve been building LEGO ever since I was 
about.  Mmmm.  Hard time to say that.  Bout.  Hmm.  Three or four, I’ve been building 
LEGO for a long time!  So that’s why I’m so good at these things.  The door goes right here.  
The window. Man, that’s a small window.  That’s where it goes.  Whoopsie.  Something 
wrong?  That’s a small window, I’m making sure it’s supposed to be that small.  We got here 
just in time, right when we were about to park it turned to 4:15.  I just love building things 
especially BIONICLEs.  I know a lot about BIONICLEs.  I watched every single movie that 
came out or that is out.  I watched all three.  I like BIONICLEs.  I’m a big BIONICLE fan.  
And I’ve also gone to Disney World.  Because my dad played with LEGOs when he was a 
kid so I guess cause he married my mom it got to her which infected the baby, me!  Let me 
see, is that right.  I’m not supposed to put any right there.  Yeah!  So that was right.  Okie 
dokie.  Got that part.  Okie dokie.  Yup these are just the other things you can build.  Okie 
dokie. Here’s where we get serious.  This was supposed to go like this.  Yeah.  That was 
supposed to be there.  Uh.  No.  I think I need to add one to all the other ones.  And it’s 
supposed to go where the other ones…yes.  OK, there we go.  That was the problem.  And 
then, OK, two of these.  This is supposed to go here and so…Okie Dokie.  Sorry person, the 
building fell, so we have to do a little…you have to pay us more money for the cement broke.  
So sorry, but that’s  what the mayor says.  Well, there we go. There we go.  And!  
Bumpittybum.  Muttering.  I’m still on the part in there.  OK.  Now I’m right there.  So I did 
that.  Okie Dokie.  9.  Here and spacing.  Get a little sunlight in there.  It shows little cracks 
right there.  Oh, there needs to be space right there.  Hmmm.  Floating in thin air?  Yes it is!  
Okie dokie.  I’m always good at building things even if I get a hard time.  If I need to take a 
break for lunch sometimes.  Lay down on the job.  I don’t like doing that but I have to.  Keep 
my strength going.  This should be interesting to see what it looks like at the end. After that’s 
done.  Argh!  Another one.  Phooey.  A little square there.  This is a good  tower.  Whoever 
owns this might have to pay a couple of hundred billion bucks.  Oh this is cool a porch.  I’m 
on one (pointing). Oh, one was already half done for me.  Well, pretty much half done.  So, 
this goes right there.  Yeah!  Right there.  There we go!  And this goes right here!  Supposed 
to go this way?  Yes they are.  Made it hard getting them in there.  No.  muttering.  Right 
here.  There! 
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(L) Missing a two-notch log; later corrected  (R) No log under window 

 

    

(L) Missing two-notch log  (R) This row of spacers should not be here; later removed 

 

Final assembly – correct and complete. 
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BIONICLE – Six-Year-Old Boy 

Hey I have those pieces to go on my BIONICLE.  I want to put it here so I can look closer!  
Hey, I have pieces just sort of like that but more like hand things.  And I’m still thinking about going 
back home to watch the rest of the Hobbit.  No, it goes like that and then this bends down like that.  It 
goes.  This is two.  Put that right there I think.  No, I don’t see how I put that piece together.  100% 
juice.  What does 100% juice mean?  Playing with microphone.  What do you think you need to do?  
See if there’s one part you can put on.  How do you skooch this in a little?  Skootch it in back.  I think.  
Do you skootch it all the way to there?  Then you put something orange on it.  No, I think how do you 
do it?  My only guess is that you take it.  Let me start with that other piece.  That’s so…this thingy.  
Wait this orange thing went on back here.  There.  And now I’ll take on of these things and.  Here.  
This is 3.  I’m still thinking about going home.  Oh, I put another orange one right here.  I should.  Like 
that.  That’s how it goes.  Think you push this all the way.  Now I got this piece together.  Take this 
piece and shoot.  Put it right onto here.  I’m thirsty again.  (has drink)  Now I have to, now I have to 
have to build these funny thingies.  Have one of these bendy things.  Oops.  (drops piece)  I’m still 
thinking about going home.  Here’s where I’m putting it.  Now we have this funny.  Dodododo.  I have 
to do another one.  This thingy probably attaches right here.  Take another of these things.  Dodododo.  
Now we’ve got something.  He’s looking good.  Now I. muttering.  I can’t get this to oops.  How is 
this supposed to look?  Where is that hand thingy.  Here.  What do I do?  I put it right to here.  Put a 
little piece into there.  This thingy goes right here.  Fits one of these arm things.  He’s supposed to be 
looking like he’s bending down.  Trying to stand up straight.  Supposed to bend down like that. Can 
you fix it?  I’m thirsty again.  Ah fifth, right here.  I did that. Now I take these two funny thingies.  
They’re colored.  And this goes down in the orange.  The blue one goes on the orange.  I think it goes 
here.  No, I can’t find out where it goes.  OK, it goes right here.  I got that in.  Where does this one go?  
This one goes.  Oh, this is what I haven’t put here.  Now this thingy goes here.  How does this get in 
here?  Oh, good.  It goes right in the middle.  Is that how?  That way.  Now, have to give it its head. 
After it gets this thingy.  Oops.  I need to make another arm.  This one doesn’t have any weapons so 
it’s easier.  This goes.  Somewhere on this side.  No, no.  I can’t find this arm spot that this one goes in.  
I think this foot took it’s spot.  I can’t find out where it goes.   

    

Direct comparison of the assembly to the picture;  
Structure diverges from instructions somewhat after step 4. 
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 K’NEX Vertical – Six-Year-Old Girl 

That goes right there with the eyes. Ok…that goes right there. That goes right there. That goes right 
there. That goes right there. Where’s a blue piece? Here’s a blue piece. That goes there. Where’s the 
foot? Here’s the foot. Little blue piece right there. Finished. No not finished yet. And last…piece…and 
the eyeballs. There. Perfect. Done.  

 

Complete and correct 

 

LEGO – Nine-Year-Old Girl 

My brother loved putting together LEGOs, so we would love to do this. So…the um…gray is 
black and the yellow is orange. Yup. Kind of hard to make the colors show up right. Kinda shows you 
how to do this part. Ok, so it just works like this, and is it supposed to go up and down? It’s probably 
its tail or something. And then…um…need another little pieces. This I think goes like that. Does it? I 
think .This piece goes like…that. Oops, nope, not like that. I think I have to go to the bathroom.  It’s 
kinda hard to see at this angle, I think it goes like that though, but. Think oh, I’m holding it the in 
wrong place cause, then it goes like this I think, but it doesn’t show that there. So…?? Woopsies. So 
this went…where did this go…right here. So…I think it goes there…I think. Yeah I think it does. 
Cause then the other one would go out that way. So same thing, oops, like that. This one goes the same 
woops, don’t think I did that one right. Like that. I think. Alright. So it goes like that I think. 
And…yeah but woops. Like that, um… and then it goes to this.  Woah, that looks a little weird. 
Um…it goes here ?? nothing, nope it has to be something. I think its this too, I’m not quite sure. No. 
Yeah. That would go like that. That looks right. *finished* 

   

(L) Both red and yellow wings facing backward and not correctly matched.   
(R) Final assembly 
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Appendix  Q – Sample Memos 

 

 

 

 


