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a b s t r a c t 

With growing interest in supporting the development of computational thinking (CT) in early childhood, there is 

also need for new assessments that serve multiple purposes and uses. In particular, there is a need to understand 

the design of formative assessments that can be used during classroom instruction to provide feedback to teachers 

and children in real-time. In this paper, we report on an empirical study and advance a new unit of observational 

analysis for formative assessment that we call an indicator of a knowledge refinement opportunity or as a shorthand , 

KRO indicators . We put forth a new framework for conceptualizing the design of formative assessments that builds 

on the Evidence Centered Design framework but centers identification and analysis of indicators of knowledge 

refinement opportunities. We illustrate a number of key indicators through empirical examples drawn from video 

recordings of Kindergarten classroom lessons. 
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. Introduction 

With recent and growing interest in supporting the development of

omputational thinking (CT) in early childhood through design of new

urricula, tools, and standards, there is also need for a variety of as-

essments that serve multiple purposes and uses. In the present study,

e define an assessment as a procedure for making inferences about

tudent learning (e.g., Black & Wiliam, 2018 ). Central to the design of

ssessments are questions around what knowledge and skills are being

ssessed, what inference should be made (e.g., about an individual’s per-

ormance), what students should be capable of doing and in what kinds

f situations, and how we recognize and evaluate salient aspects of their

erformance ( Oliveri, Lawless & Mislevy, 2019 ). While some work is

nderway to develop assessments for early childhood CT (e.g., Clarke-

idura, Silvis, Shumway, Lee, & Kozlowski, 2021 ; Govind & Bers, 2021 ;

elkin, de Ruiter & Bers, 2020 ), the emphasis thus far has been on as-

essments that serve a summative purpose, specifically a summary of

hat children know, understand, and can do either before or after the

earning has taken place. There also needs to be development of forma-

ive assessments intended for use during instruction that provide feed-

ack to teachers and children for the purpose of adapting instruction

nd improving learning. Ideally, formative and summative assessments

ould both be essential elements of a larger “system ” of assessments

hat altogether provides a more thorough picture of children’s learning

n multiple time scales and for multiple stakeholders ( Herman, 2010 ). 
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In this paper, we advance a new unit of observational analysis for the

esign of formative assessments that we call an ‘indicator of a knowledge

efinement opportunity,’ or as a shorthand, KRO indicators. KRO Indica-

ors are based on a constructivist view of learning, which requires seeing

rrors in children’s reasoning (relative to normative expectations) as in-

olving elements of knowledge that are ripe for refinement rather than

eplacement ( Smith, Disessa & Roschelle, 1994 ). When a child demon-

trates an error, the asset-based perspective is that some aspects of the

hild’s thinking are already correct but there are still other aspects that

eed more tuning. This stance is highly compatible with the goals of

ormative assessment design, which is intended to generate feedback

nd actionable information about how a child is progressing in their

earning so that modifications to instruction can be made in a timely

anner. 

In the sections that follow, we first share our operational definition

f CT for early childhood. We then describe the work currently being

one on assessing CT in early childhood and why we are focusing on the

esign of formative assessments. We then introduce the design frame-

ork we are using to develop our assessments, Evidence-Centered De-

ign (ECD). After describing ECD, we introduce and define ‘indicators of

nowledge refinement opportunities’ and how we are integrating these

ndicators with the ECD framework to develop formative assessment

asks. We then discuss our methods and materials, including partici-

ants, data, and data analysis. Finally, we present our results followed

y our discussion and conclusion. 
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Fig 1. Symbols used in pre-literate coding environments. 
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.1. Computational thinking in early childhood 

The ideas behind computational thinking (CT) in childhood date

ack to Papert (1972 , 1980 ), who wrote about the “computer-controlled

ybernetic ” Turtle within the LOGO environment as a model for "objects-

o-think-with." It was a model for the design of “objects in which there

s an intersection of cultural presence, embedded knowledge, and the

ossibility for personal identification ” ( Papert, 1980 , p.11). Introduc-

ng these ideas through LOGO involved children engaging with ele-

ents of CT including sequences, debugging, procedures, and decom-

osition. However, “objects to think with ” were meant to teach chil-

ren mathematical thinking —not programming ( Papert, 1972 ). Papert’s

ork around children’s ideas and mathematical thinking lay the foun-

ation for the research currently being done in early childhood around

omputational thinking. One of the most developed frameworks for

arly childhood CT comes from Bers (2018) . Bers talks about CT in

erms of powerful ideas , which according to Papert, “afford new ways

f thinking, new ways of putting knowledge to use, and new ways

f making personal and epistemological connections with other do-

ains of knowledge ” ( Papert, 2000 cited in Bers, 2018 , p. 70). This

iew of CT has roots in Papert’s foundational work with LOGO on

olving problems algorithmically ( Bers, 2018 ). Bers proposed seven

evelopmentally appropriate powerful ideas for early childhood com-

uter science education: algorithms, modularity, control structures,

epresentation, hardware/software, design process, and debugging

 Bers, 2018 , p.71). 

Coding, even for young children, is thought to be an important con-

ext for developing CT (e.g., Bers, 2018 ; Relkin et al., 2020 ; Wang, Choi,

enson, Eggleston & Weber, 2021 ). Sharing those views, the opera-

ionalization of CT we present here focuses on the learning we ob-

erved kindergarten children demonstrate (e.g., gestures, movements,

ctions, words) as they used screen-free robot coding toys that we re-

er to broadly as following a “grid-agent ” model. These toys are devel-

pmentally appropriate for children who are emerging readers because

hey rely on a symbol system for codes (see Fig. 1 for an example of some

f the symbols used in coding environments designed for pre-literate

hildren). 

Starting from Ber’s powerful ideas, we focused on: algorithmic think-

ng, decomposition (modularity), debugging, abstraction, and spatial think-

ng ( Clarke-Midura, Silvis, Shumway, Lee, & Kozlowski, 2021 ). We de-

ne algorithmic thinking (AT) as developing and using ordered sequences

f instructions. Important subcomponents of AT include sequencing

y ordering and arranging codes based on knowledge of syntax and

emantics; planning programs by ordering and arranging codes and

eading and enacting programs. We define decomposition as the abil-

ty to recognize parts in part-whole relationships (coordinating units

r segments of code with one another as well as with the whole pro-

ram), building a whole from parts (combining chunks or sequenc-

ng codes one-by-one), and breaking a whole into parts (breaking pro-
69 
ram into units or segments of code to simplify the task). We de-

ne debugging as the ability to recognize that bugs/errors exist, lo-

ate the specific error/bug, propose a solution for how to fix the er-

or/bug, and fixing the bug. We define abstraction as a process of ig-

oring irrelevant details for the purpose of focusing on the essential

spects of a problem or situation ( Rich & Yadav, 2020 ). In addition, we

dded an additional skill, spatial thinking, as important to CT in early

hildhood ( Clarke-Midura, Silvis, Shumway, Lee, & Kozlowski, 2021 ;

humway, Welch, Kozlowski, Clarke-Midura, & Lee, 2021 ). The Na-

ional Research Council (NRC) defined spatial thinking as comprised

f three elements: concepts of space, tools of representation, and pro-

esses of reasoning ( NRC, 2006 , p.9). Spatial thinking is multifaceted, it

nvolves reasoning with representations that provide access to spatial in-

ormation such as spatial locations and transformations ( Whiteley, Sin-

lair & Davis, 2015 ). It is increasingly being recognized elsewhere as

onnected to CT for elementary school students ( Tsarava et al., 2022 ).

n the context of our work, spatial thinking involves reasoning with an

gent’s orientations, locations, and navigation in space and operations

n those spatial relationships ( NRC, 2006 ; Sarama & Clements, 2009 ;

hiteley et al., 2015 ). 

.2. Assessing CT in early childhood 

Interest in CT assessment has grown in recent years, as evi-

enced by two independently published systematic literature reviews

 Cutumisu, Adams & Lu, 2019 ; Tang, Yin, Lin, Hadad & Zhai, 2020 ) and

pecial issues dedicated to the topic (e.g., Weintrop, Wise Rutstein, Bi-

nkowski & McGee, 2021 ). A common observation from these reviews

s that there are few valid and reliable assessments of early childhood

T. 

Most existing assessments of early childhood CT that provide evi-

ence of validity or reliability were designed to be used either after

nstruction has taken place or in the context of a pre-post sequence.

uch assessments are summative ; they characterize a child’s proficiency

nd support inferences about what a child knows, understands, or can

o before or after a unit of instruction. For example, TechCheck is

 multiple-choice assessment with 15 items ( Relkin et al., 2020 ), de-

igned to assess Bers’ powerful ideas of CT in early childhood including

lgorithms, modularity, control structures, representation, debugging,

nd hardware/software ( Bers, 2018 ). It does not require programming

nowledge and is not bound to a particular programming context. The

nstrument was validated for 5- to 9-year-old children and provides a

otal score of CT ability ( Relkin et al., 2020 ). TechCheck-K is a mod-

fied version of TechCheck for kindergarten children, in which the 15

ultiple-choice items have three answer responses, as opposed to four.

t also provides a total score of CT ability ( Relkin & Bers, 2021 ). TACTIC-

IBO is an assessment for children aged 4–7 that is specific to the KIBO

obot ( Relkin & Bers, 2019 ). It is interview-based and scored to clas-

ify children using four levels of proficiency: proto-programmer, early

rogrammer, programmer, and fluent programmer. The Coding Stages

ssessment is an interview-based assessment for children aged 5–7 that

easures mastery of the ScratchJr syntax and grammar and children’s

bility to use it purposefully ( de Ruiter & Bers, 2021 ). It is based on

ers’s Coding Stages Framework ( Bers, 2019 ), which describes a learn-

ng path in coding from simple skills to more complex ones they define

s: emergent, coding and decoding, fluency, new knowledge, and pur-

osefulness. It is designed to be interactive; children respond to ques-

ions or complete tasks in ScratchJr. Children are assigned to one of Ber’s

ve coding stages and are provided a numeric total score. There is a ver-

ion of this assessment called “Solve-its ” that can be used periodically

hroughout a curriculum ( de Ruiter & Bers, 2021 ). KIBO Project Rubric

s a rubric-based assessment to measure KIBO projects in terms of pro-

ramming concepts and project design elements. A score is awarded that

rovides an estimated level of mastery as exhibited in the KIBO project

 Govind & Bers, 2021 ). 
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.3. The present study 

Currently, there is a dearth of research on formative assessments of

T in early childhood, in particular, how to design formative assess-

ent tasks to aid in the immediate modification of curriculum and in-

tructional activities. We define formative assessments as processes and

rocedures for making inferences about children’s learning, linked to

mmediate classroom instruction and pedagogy. The formative assess-

ents we describe in this paper take place in classrooms when teachers

nd small groups of children engage in hands-on coding tasks with grid-

gent coding toys on the floor during instruction. 

.4. Evidence-Centered design of formative assessments 

We use the Evidence Centered Design framework (ECD; Mislevy &

aertel, 2006 ) in our assessment design process. ECD views assessment

s an evidentiary argument from what we observe children say, do, or

ake in a few particular circumstances, to formulate inferences about

hat they know, can do, or have accomplished more generally ( Mislevy

 Haertel, 2006 p.7). As such, ECD provides a unified framework that

onsiders key questions about whom we assess, for what purposes, and

nder which constraints ( Oliveri et al., 2019 ). In doing so, such assess-

ent designers explicitly link features of assessment tasks, the evidence

f child performances on the tasks, and the knowledge or understand-

ng exhibited by the evidence. This view of assessment as argument is

entral to discussions around validity (e.g., Kane, 2006 ) while offering

hat Mislevy (2007) calls “validity by design ” where, as designers, we

tructure our approach in such a way that validity evidence emerges

 Mislevy, 2007 , p. 467). 

ECD consists of 5 layers: (1) domain analysis, (2) domain modeling,

3), the conceptual assessment framework, (4) assessment implementa-

ion, and (5) assessment delivery. In the first two layers, the focus is

n the purposes of the assessment, the nature of knowing, and struc-

ures for observing and organizing knowledge. This information is put

nto “design patterns ” that articulate the kinds of features that assess-

ent tasks will need and the kinds of performances those features will

licit. In the third layer, the conceptual assessment framework (CAF),

he focus is on the student model (what skills are being assessed), the

vidence model (how do we measure it), and the task model (situations

hat elicit the behaviors/evidence). These three models are developed

ith the information from the first two layers in ECD – the design pattern

n particular – to provide technical details of the tasks (such as potential

tudent performances/products during assessment implementation and

elivery) and a specification of the kinds of features of the tasks that

ill provide evidence about the student model. 

.5. KRO indicators 

Our formative assessment tasks are designed around the errors that

hildren make when solving CT tasks. Historically, work that has fo-

used on children’s errors in reasoning and problem-solving tasks has

sserted the cause of those errors are underlying misconceptions. The

ypical recommended instructional approach for responding to those

isconceptions involves challenging, countering, or refuting the in-

erred misconceptions and then immediately doing instructional work

o replace those misconceptions with correct or desired conceptions

 Posner, Strike, Hewson & Gertzog, 1982 ; Tippett, 2010 ). However, an

lternative approach is to take a less adversarial view of children’s ‘in-

orrect’ ideas and instead see children’s erroneous reasoning as the re-

ult of an active knowledge system that is in need of refinement. This

knowledge refinement’ approach ( Smith et al., 1994 ) asserts that chil-

ren’s thinking should not be seen as deficient, but rather as containing

any elements, some of which may be resources for constructing nor-

ative understanding ( Hammer, 2000 ). 

The hypothesis underlying our formative assessment development

ork is that for early childhood CT teaching and learning – in this case,
70 
oding environments developed for emerging readers that rely on a sym-

ol system for codes – the mistakes that children make exhibit some

atterns and consistencies. These patterns in how they solve CT tasks

ay vary child by child and task by task. However, we predict that

hen we aggregate these patterns, they will reveal a general trend that

s consistent across different groups of children. These regularly occur-

ing mistakes can thus serve as indicators of knowledge refinement op-

ortunities and are where we can expect to see when CT knowledge is

till developing. 

Our approach has some similarities to research on learning trajec-

ories in early childhood mathematics, which postulates most content

nowledge is learned along developmental progressions or levels of

hinking that are consistent with children’s informal knowledge and

atterns of thinking and learning ( Sarama & Clements, 2009 ). While

ur work is not as formalized as the learning trajectories research, our

dentification of indicators of knowledge refinement opportunities provide

nsight into very early understandings of what potential patterns and

evels of thinking may look like in early childhood CT. 

With respect to defining KRO indicators as occasions of children’s

emi-regular errors when engaged in computational reasoning tasks, it

s common to see those as opportunities for children to develop their CT

ebugging competencies. When a child produces errors with program-

ing codes, one of the long-term educational goals of CT development

s to help children become proficient in ‘debugging’ those. However, for

ur purposes, indicators should not be confused as instantiations of de-

ugging. Debugging is a practice linked to solving a problem or fixing a

rogram and has both a technical dimension (e.g., identifying bug, fix-

ng bug) and an affective dimension (e.g., persistence) ( DeLiema et al.,

020 ). KRO indicators, on the other hand, are linked to intuitive knowl-

dge and developmental understandings that lead to the need to debug

r that occur, albeit fragilely, during debugging attempts and processes.

.6. Integrating KRO indicators with ECD 

The aim of this paper is to put forth a new framework for conceptual-

zing the design of formative assessments that builds on ECD but centers

dentification and analysis of indicators of knowledge refinement oppor-

unities. Two research questions guided this analysis: 1. What indicators

f knowledge refinement opportunities emerge as kindergarten students par-

icipate in a coding curriculum? 2. How do we design formative assessment

asks that activate these indicators of knowledge refinement opportunities?

his means that rather than start only with targeted CT knowledge,

kills, and abilities in the design of assessment tasks, we propose a con-

urrent look at indicators coupled with analyses of how those indicators

onnect to targeted CT knowledge, skills, and abilities. This then yields

esign patterns that can then support specification of formative assess-

ent task models. 

The remainder of the paper will show what this process looks like

nd what it yields with respect to design patterns and task models. The

rocess involves three steps: identify the KRO indicators as they arise,

reate a general task model based on the indicator, use the task model

o design new formative assessment opportunities. To help orient the

eader, consider a simple hypothetical example. Imagine that when us-

ng a grid-agent coding toy and given the task of programming it to move

orward three spaces, many young children are observed to only provide

 single ‘forward’ (F) code. When asked to predict where the robot will

ove given that single code, the children point to the third space in

ront of the robot. In terms of knowledge refinement, the children are

orrectly understanding that the forward code is used for forward move-

ent, although they are not yet recognizing that one code produces a

ingle discrete movement. This tendency to use a single forward code

or a multi-unit forward movement is an indicator of a knowledge re-

nement opportunity. From this, we can begin to articulate some task

odels that could be used during a grid-agent coding activity that can

elp a teacher test for and elicit this indicator. This process formalizes

hat many teachers may already choose to do in such situations. How-
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A  
ver, articulating these indicators and identifying what types of forma-

ive assessment tasks elicit them can prime teachers for what to look

or as children solve tasks and how to recognize children’s level of CT

nowledge (through the indicators). 

. Methods and materials 

The present study is part of a larger design-based research project

NSF # 1842116) that is operationalizing CT in early childhood and

eveloping corresponding curricular materials and resources, including

ssessments. The present study focuses on a small sub-group of children

ho participated in coding lessons and then completed an early version

f a summative CT assessment. In particular, the present study grew

ut of seeing the errors children made while participating in the coding

nstruction as well as when they completed the tasks in the summative

ssessment. 

.1. Setting, participants, ethics statement, and data collection 

Participants for this study came from a rural kindergarten classroom

n the western United States. Participation was voluntary. We followed

ur approved Institutional Review Board (IRB) protocols for conducting

esearch with minors. The school was classified as Title 1 and received

unding to offer full-day kindergarten to a subset of students. Seventeen

hildren (female = 5), ages 5 and 6, from the full-day kindergarten par-

icipated in a total of six 30-minute coding lessons in small groups. The

essons introduced coding using Botley (Learning Resources, 2023) for

hree lessons and Cubetto ( Primo, 2023 ) for three lessons. Two to three

ays after the participants completed all the coding lessons – which took

bout 2 weeks – they took the standardized interview-format CT sum-

ative assessment ( ∼15 min) we developed for the larger project (see

larke-Midura, Silvis, Shumway, Lee, & Kozlowski, 2021 ; Na & Clarke-

idura, 2023 ). The assessment was interview-format to account for

indergarteners’ emerging literacy skills. All curriculum lessons and as-

essments were video recorded (16 h total), and the videos were the ba-

is for the current analysis. Four members of the research team who had

ormal classroom teaching experience, advanced degrees in education,

nd formal training on assessment administration taught the lessons and

dministered the assessments. Each researcher taught one group for the

ix lessons and also administered the summative assessment. 

.2. Coding toy lessons 

The Botley and Cubetto lessons were designed through an iterative

esign-based-research process. We developed a menu of tasks for small

roups of children for each toy starting with an introductory lesson

ocused on the toy’s syntax and designed to help children understand

he relationship between each code and a specific movement. The other

asks focused on sequencing codes, decomposing paths, and debugging

rograms. Some of the tasks required children to program the robot to

et from one location to another. Other tasks required them to “crack

he code ” and figure out the program after watching the robot move.

here were also open-ended tasks where children were able to build

heir own programs. 

.3. CT summative assessment 

We developed a summative, task-based assessment to be adminis-

ered after the coding lessons. While the coding lessons were taught us-

ng Cubetto and Botley, the assessment tasks were not bound to a specific

oding toy; they were unplugged and “toy-free. ” The assessment tasks

nvolved a paper grid and agents (i.e., small tokens that were made to

ook like an insect). There were 27 items total in the assessment. The

asks were performance based in that children were asked to sequence or

ebug programs that involved moving an agent around a 10 ″ x10 ” grid
71 
 Fig. 2 ). The assessment codes consisted of four directional arrows (For-

ard, Backward, Rotate Left, Rotate Right). The tasks involved story-

ines around moving an agent from one location to another (e.g., moving

he beetle to the grass patch on the grid). Some tasks had only one pos-

ible correct answer whereas other tasks had multiple correct answers.

he administration of the assessment was standardized. For more infor-

ation on the assessment please see ; ( Clarke-Midura, Silvis, Shumway,

ee, & Kozlowski, 2021 ; Na & Clarke-Midura, 2023 ). 

.4. Data analysis 

Analysis took place in multiple phases. In the first phase, we engaged

n open and axial coding of the assessment video data ( Patton, 2014 ;

aldaña, 2021 ; Strauss & Corbin, 1998 ). This involved reviewing the as-

essment videos for all 17 students, identifying children’s coding errors

i.e. indicators) and then grouping them thematically. We created defi-

itions of the indicators with examples and then recoded the assessment

ideo to conform to this resulting coding scheme (assessment indicators)

 Fig. 3 ). 

Next, we conducted a priori coding of the six coding lessons for the

ame 17 children. This involved review of video for the identified in-

icators and then documenting the characteristic and variable features

f the task and situation where they occurred (curriculum indicators).

e created summaries of the indicators by task within each lesson and

y child. We then compared the indicators in the assessment to the cur-

iculum by child, ensuring the assessment reflected the learning that

ccurred during the curriculum. 

We then brought in an additional coder in order to establish inter-

ater agreement and determine if the coding scheme was reliable

 Vacha-Haase, 1998 ). Two researchers independently coded 10% of

he assessment and curriculum data (42 excerpts from the curriculum

nd 16 excerpts from the assessment). Overall, the two researchers had

trong agreement when double coding 10% of all the assessment indica-

ors and curriculum indicators data combined ( 𝜅 = 0.887). Specifically,

he two researchers had strong agreement on the assessment indicators

 𝜅 = 0.828) as well as strong agreement on the curriculum indicators ( 𝜅

 0.905). 

After establishing strong inter-rater agreement, an individual re-

earcher went back and re-coded all the curriculum and assessment data

sing the final codebook to produce a final count and classification of

ndicators. 

We then specified the design patterns that document the character-

stic features and variable features for potential assessment items. We

oded the indicator data from the classroom lessons indicating the child

erformance context (i.e., writing program, debugging program, enact-

ng program, identifying a code), and the variable features (i.e., length

f code, number of turns, position of turns, and the orientation of the

obot from the student’s perspective). These allowed us to create design

atterns and the task models for the formative assessment tasks. 

. Results 

Recall that our research questions asked, What indicators of knowl-

dge refinement opportunities emerge as kindergarten students partici-

ate in a coding curriculum? And How do we design formative assess-

ent tasks that activate these indicators of knowledge refinement op-

ortunities? In the following sections, we first present the indicators of

nowledge refinement opportunities that emerged, specifically exem-

lifying the three most common indicators. We then describe how we

esigned formative assessment tasks that target the indicators. 

.1. Identifying KRO indicators 

We identified 12 indicators of knowledge refinement opportunities

hat occurred with different levels of frequency in the data ( Table 1 ; see

ppendix A for definitions of each). The three most frequent indicators
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Fig 2. Unplugged CT Assessment. Left shows materials used in assessment tasks: (1) program organizer (2) arrow codes (3) grid pages, administration flip book (4) 

moveable agent (5) administration pages, with script (6) preset code strips (7) scoring sheets. Right shows child’s-eye view of assessment materials. 

Fig. 3. Representation of the Analytic Process. 

Table 1 

Frequency Count of Indicators of Knowledge Refinement Opportunities. 

Knowledge Refinement Indicators 

Curriculum 

Frequencies 

Assessment 

Frequencies 

Unit of Turn 101 71 

Wrong Rotation 61 12 

Includes Starting Space 78 7 

Distance of Arrow 34 19 

Spaces Between 12 14 

No Turn Arrows 14 6 

Corresponds to Direction not Movement 9 9 

Use of Backward 15 3 

Incorrect Sequencing 12 1 

Orientation of Arrows = Movement 3 4 

Diagonal Line 3 3 

Disregards Starting Orientation 1 2 
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ere Unit of a Turn, Wrong Rotation , and Includes Starting Space . These

ndicators involved children’s spatial knowledge, counting knowledge,

nd unit knowledge. We then reviewed the variable features of the tasks

here the KRO indicators occurred. Illustrations of the top three indi-

ators and some of the contextual features are provided below. 

.2. Indicator: unit of the turn 

The most frequent KRO indicator is what we called Unit of the Turn .

n coding successfully with these robot toys, children needed to develop

n understanding of a precise rotation in space. The coding toys we used

reat a rotation code as a 90-degree rotation. The symbol is usually in

he form of an arrow with some curved and some straight. To code with

hese robot toys, children need to learn both how the robot rotates in

pace and how this movement is symbolized in the specific codes for

he robot’s system. When coding, children in our study often indicated

heir knowledge that the robot needs a rotation movement. However,
72 
ather than interpret the rotation code as a 90-degree rotation, children

ften interpreted it as a rotation 90-degrees and one forward movement

Rotate + Move). We call this indicator Unit of the Turn . 

.2.1. Unit of the turn examples 

In the following examples, children used the rotation arrow to do

hings other than the rotation arrow’s true meaning and thereby indi-

ated an opportunity for knowledge refinement. In the first example

A), children were trying to move Cubetto to a specific square on the

rid (see Fig. 4 ). This task was designed to be a FFFRF program, which

e considered moderately challenging due to variable features of more

han three codes and one rotation. The complexity was heightened by

ubetto’s starting orientation in relation to the child in that Cubetto and

he child did not share the same perspective (they were oriented facing

ifferent directions). 

The children built the program FFFR. The teacher asked the child

perating Cubetto’s programming board what the program FFFR will

nstruct Cubetto to do, and they moved their finger along the grid to

how it moving forward three, rotating, and then moving forward one

ore space, thereby interpreting the red code (Rotate Right) to mean

otate + Forward. 

In this example, Unit of the Turn is an indicator that the child does

ot fully understand 1-to-1 code-to-movement correspondence and possi-

ly the spatial code meanings , the semantic knowledge of what the codes

ean (that rotate right is only rotate right, not rotate and move). While

hey were able to gesture with their finger the path Cubetto would take,

hey were not able to coordinate that with the program. Children’s CT

nowledge is fluid and constantly in refinement; while in this example

he child may have interpreted the right turn code as rotate and move,

n a later task with different variable features, they may treat it only as

 rotation. 

In the second example, Fig. 4 (B), the children need to get Botley

rom its starting location on the grid space to the grid space with the bug



J. Clarke-Midura, V.R. Lee, J.F. Shumway et al. Early Childhood Research Quarterly 65 (2023) 68–80 

Fig. 4. Unit of the Turn KRO Indicator. The child’s finger movement from one square to the next indicates he is treating the unit of the turn as Rotation + Forward 

(Example A). The child’s arm movement sweeping to the left indicates she is treating the unit of the turn as moving to the left and possibly rotating (Example B). 
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FLF). Regarding variable features, the program has three codes and one

otation. What makes this task challenging is the starting orientation of

he robot in relation to the children (not sharing a perspective). 

The teacher asked the child in the picture how to program Botley

o reach the bug. The student said, “I know ” and moved their arm in a

weeping gesture to the left ( Fig. 4 ). They then put a left turn arrow on

he program organizer (L) to represent this movement. Botley’s orienta-

ion in relation to the child’s orientation was not yet considered as she

as operating from her own perspective. From her perspective, she was

sing the rotate left arrow for Botley to move forward (and potentially

otate) in the cardinal direction (see the left turn arrow superimposed

ver on the grid in Fig. 4 ). Again, we see that Unit of the Turn is an indi-

ator that the child understands the direction of the movement needed

ut is still developing the 1-to-1 code-to-movement correspondence and

ossibly the semantic knowledge of what the codes mean ( spatial code

eanings) . As we see in both of these examples of the Unit of the Turn

ndicator, the children are operating under partial knowledge of what

he rotation arrows do, but not complete knowledge of the entire unit

f the turn. 

.3. Indicator: wrong rotation 

The second most frequent indicator was Wrong Rotation and occurred

hen children chose the wrong rotation arrow for the program or when

hey rotated the robot the wrong direction compared to the rotation

rrow selected. In the latter, they may rotate the robot to the left but

lace a rotate right code in their program. Developmentally, kinder-

arten children are expected to understand relational positions between

bjects, such as next to, behind, and below ( CCSSI, 2010 ). They are

ble to identify the differences among various kinds of movements and

irections but are still learning precision and language that represents

hose spatial relationships ( Clements & Sarama, 2009 ). For example,

hey are still learning to remember which direction is labeled “left ” ver-

us “right. ” When using the robots, some robots’ arrow systems are color

oded allowing the children to associate the rotation to a color rather

han using language for left and right. Sometimes, indicators illustrated

tudents’ need to coordinate these symbols with precise actions. 

.3.1. Examples of wrong rotation 

Three common examples of Wrong Rotation are provided in Fig. 5 (A,

, and C). In example A, the teacher rotated Botley to the left and asked

he child in the picture what code would make Botley do that. She spun

er hands in the air and said “turn around ” and then put a Rotate Right
73 
ode on the board. During that lesson, the child was still refining her

patial reasoning capabilities. She understands a rotation is necessary

ut could benefit with more practice using rotations to understand how

he robot moves in 3 dimensions, as well as more practice thinking about

he robot in different positions and orientations ( Shumway, Welch, Ko-

lowski, Clarke-Midura, & Lee, 2021 ). Including formative tasks that

ary the rotations and starting orientation of the agent will help chil-

ren develop spatial thinking and reasoning. 

Example B illustrates two children enacting the robot’s rotation cor-

ectly but putting the wrong rotation code in their program. The chil-

ren were sharing Cubetto’s orientation and perspective as they worked

n the task. In terms of variable features that increase task complexity,

his program has more than 3 codes, two rotations, and starts with a

otation. 

The child on the right first traced the path with his finger and put a

ed tile in the board, which represents Rotate Right. He picked up Cu-

etto and enacted the movement and rotated Cubetto to the left, despite

aving placed the right rotation tile in his program. He then enacted Cu-

etto’s movement again, Rotate Left and Forward one square, putting a

orward tile in the program board to correspond to the movement. The

hild on the left took over and rotated Cubetto to the right but handed

is partner a yellow tile, which represents Rotate Left. 

In this example, the children knew which way Cubetto was sup-

osed to rotate but they selected the wrong rotation tile. The rota-

ion directions on the Cubetto tiles are very subtle and the children

sing the Wrong Rotation is an indicator that they need to coordinate

ymbol-action correspondence, which is semantic knowledge of what

ach code means. We do see them demonstrate knowledge of 1-to-1

ode-to-movement correspondence because they place the rotation code

ith the correct association that the rotation is going to merely rotate

he robot without any forward or backwards movement. However, their

nderstanding of the technical direction of the rotation in still in refine-

ent. 

In example C, both children are facing the robot, meaning that they

re not in the perspective of the robot. This starting orientation re-

uires the spatial knowledge that the orientation of the robot is different

rom their own perspectives. The children are working to get Botley to

he square behind it. The teacher’s intended solution was the use of

ne backward arrow. The children instead were creating the program

FLFLF. The variable features of the program they were building con-

isted of the following characteristics, making it a complicated program:

 > 3 codes), 3 rotations, starting with a rotation, and the starting orien-

ation of the robot is at 180° from their perspective. 
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Fig. 5. Wrong Rotation KRO Indicator. The child spins her hands in the air to demonstrate left rotation and then codes a right rotation (Example A). The child 

correctly rotates the robot to the right but then codes a left rotation (Example B). The child motions with the remote to his own right when the robot needs to rotate 

left (Example C). 
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Fig. 6. Includes Starting Space Indicator. Children include the robot’s starting 

space in their counts, resulting in an extra forward code. 
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In the figure, we see the child on the left is holding onto the remote

nd using it to gesture to his right, to the square next to Botley’s start-

ng position. From this child’s own perspective, the direction he wants

otley to rotate is to the right of the square Botley is on. However, from

otley’s perspective, a left rotation is required. He pointed to the rotate

ight arrow and his partner put the rotate right arrow into their program.

Example C demonstrates that Wrong Rotation is an indicator of learn-

ng to coordinate his own spatial orientation with the spatial orientation

f the robot . This involves understanding that the codes always produce

he same movement, but the orientation of the robot determines which

ode to choose. When children select the wrong rotation, this error is

ometimes explained by not yet understanding how to write the code

rom the robot’s perspective regardless of their own orientation and po-

itioning. Thus, formative tasks that involve children writing programs

hat not only have rotations, but where the robot is at a different orien-

ation from their own can provide information about children’s under-

tanding of spatial orientation related to CT. 

.3.2. Indicator: includes starting space 

The third most common indicator in the curriculum was Includes

tarting Space , in which children counted the robot’s starting grid square

hen determining how many forward codes they needed for the pro-

ram. Children making this error counted the grid pieces or squares

ather than the robot’s movements. Counting the robot’s movement en-

ails counting on from the starting square (i.e., the robot’s starting point),

ather than including the square the robot is on in their forward count.

.3.3. Examples of includes starting space 

In this example, the teacher asked the child how many forward ar-

ows they needed to get Botley to the square that is two squares forward.

he child counted the squares, starting with the one Botley was on, and

ndicated they needed three forwards, rather than two. Includes Starting

pace is an indicator that children may be refining their understanding

f counting the movements of the robot rather than the grid squares.

ased on the variable features of this task (i.e. 3 or fewer codes, no rota-

ions, robot’s orientation) we see this as a useful introductory formative

ask for assessing children’s understanding of mathematical and spatial

ompetencies underlying CT. Designing tasks for children to engage in
74 
ore instances of counting movements and make predictions could be

ne way to help them focus on the movements and not the grid ( Fig. 6 ).

.4. Designing formative assessment tasks that respond to indicators 

In the previous section, we shared examples of the indicators of

nowledge refinement opportunities that emerged in the data. In this

ection, we now share examples of how ECD can be integrated with

ndicators to design formative assessments that provide evidentiary ar-

uments about the state of children’s CT proficiencies. We focus on how

o explicitly link features of the assessment tasks, the evidence of stu-

ent performances on the tasks, and the knowledge exhibited by the

vidence. 

Identification of the indicators informed the specification of design

atterns to help us define and model the indicators (the student model)

cross a variety of screen-free coding toys. After specifying the design

atterns, we identified potential task performances (task model), charac-
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Fig. 7. Task Model for Unit of the Turn. The task model is on the left. On the right is the program goal as well as where to position children during the task. 

Table 2 

Design Template for Unit of the Turn Formative Assessments Assessment argu- 

ment components 1 = student model, 2 = evidence model, 3 = task model. 

Focal Indicator 1 Unit of the Turn 

Additional Knowledge and 

Skills needed 1 
1-to-1 code-to-movement correspondence; 

semantic knowledge of what the codes mean; 

orientation of the robot determines which code 

to choose 

Potential observations 2 Rotations enacted/coded as rotate + move; 

forward enacted/coded to include rotation 

Potential task 

performances 3 
Write a sequence of codes; identify code(s) based 

on movement; enact code or a sequence of codes; 

gesture path on grid 

Task Characteristic 

features 3 
Robot coding toy and its materials (e.g., remote, 

board), grid, codes, rotations 

Task Variable features 3 Program: with more than 3 codes; more than 1 

rotation; starts with rotation; starting orientation 

of agent different from children 
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a  
eristic and variable features (what the task should contain and ways to

ake new related tasks by varying features) as well as potential observa-

ions (evidence model). Given that CT is a multi-dimensional construct,

here are overlaps in the design patterns across the indicators such that

any of the additional knowledge and skills required, potential task per-

ormances, and characteristic and variable features are similar. Where

hey differ is in the observations and what those observations tell us

bout children’s understanding. 

In Table 2 , we present a design pattern that provides argument com-

onents for formative tasks around Unit of the Turn indicators. These

esign patterns can be used to create task models, which are essentially

emplates for the general specifications of tasks. The task models can be

sed to generate multiple tasks that target the same concepts. Figs. 7

nd 8 present two different task models for Unit of the Turn that can be

sed across screen-free coding toys and integrated in lessons. 

The design of our existing curriculum focused on teaching algorith-

ic thinking, decomposition (modularity), debugging, and spatial thinking.

owever, focusing on indicators helped us identify other knowledge that

s necessary for CT in the context of grid-agent coding toys. For exam-

le, in order to engage in algorithmic thinking and build a sequence of

odes, children must refine their knowledge of 1-to-1 code-to-movement

orrespondence and spatial code meaning , semantic knowledge of what

ndividual codes mean. Our design patterns and task models allow us to

ntegrate these formative assessment tasks into our existing curriculum

longside possible sequences of tasks that start easy and become more

hallenging based on the variable features. 

Figs. 7 and 8 show that in order to get feedback on children’s un-

erstanding of Unit of the Turn (rotations), teachers need to implement

asks that involve rotations. There are a few potential performances the
75 
asks can target, such as write a sequence of code (program), enact a

equence, or identify a code based on the robot’s movement. These task

odels can easily be integrated into any story line around movement

n a grid. If a child writes a program where a rotation code functions

s a ‘rotate + move’ then the teacher can observe that they are still

eeding to refine how they understand 1-to-1 code-to-movement corre-

pondence and possibly the spatial coding meaning , that rotate right is

nly rotate right, not rotate and move, and that rotations occur on a

xed point and do not involve forward movement. It is also possible

hat the child is in the midst of refining their ability to coordinate the

ath on the grid with the program ( space-symbol coordination ). Viewed

s formative information, teachers can use this evidence to alter instruc-

ion, asking the child to explain what each code does and having them

nact the movements with the robot before running the program. They

an also ask the child to program iteratively where they write a piece of

ode, test it, and keep adding one code at a time to see how each code

epresents one movement. Alternatively, teachers could design multiple

ini-tasks that isolate indicators to determine systematically whether a

hild’s error is related to their incomplete understanding of spatial code

eaning, code-to-movement correspondence, orientation of the robot,

ounting on, etc. 

The templates for developing formative assessment tasks can be eas-

ly integrated into our existing curriculum. 

. Discussion 

In this paper, we proposed a principled approach to formative as-

essment design that starts by analyzing patterns in errors that chil-

ren make when completing CT tasks, which we call indicators of knowl-

dge refinement opportunities . This view of children’s errors as containing

roductive elements of the targeted understanding has similarities to

he knowledge refinement approach introduced by Smith et al. (1994) .

ather than refer to these errors as misconceptions and try to “correct ”

hem, we see children’s errors as productive indicators of their under-

tanding. Our approach of identifying the indicators and then illustrat-

ng how to use the indicators to develop formative assessment tasks,

ntegrates research on knowledge refinement ( Smith et al., 1994 ), Evi-

ence Centered Design (e.g., Mislevy & Haertel, 2006 ) and classroom-

ased formative assessments (e.g., Black & Wiliam, 2018 ). This inte-

rated approach allows for a better understanding of the nature and

rowth of CT in early childhood, which we discuss below. 

.1. Implications for a model of CT that takes into account indicators of 

nowledge in refinement 

The indicators of knowledge in refinement opportunities provide insight

bout children’s understanding of CT and how it develops over time.
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Fig. 8. Task Model for Unit of the Turn. The task model is on the left. On the right is the program goal as well as where to position children during the task. 
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s we saw in the Unit of the Turn and Wrong Rotation examples, some

f the indicators suggest the children do not yet understand the spatial

ode meanings, or what the code instructs the agent to do. Some chil-

ren may interpret a rotation code as a rotation in one task but then

se it as a forward code in another task. Some indicators suggest the

hildren do not understand that one code or symbol produces a sin-

le discrete movement. Overall, some of it may be an indicator of their

eveloping precision in spatial knowledge. As we saw in the Unit of

he Turn example B, the child interpreted the Right rotation code as a

otate Right + Move Forward. Some of the indicators highlight that

hildren have an emerging understanding of orientation. Recall that in

he Wrong Rotation example C above, the children built the program

rom their perspective and not the robot’s orientation. The codes always

roduce the same movements but depend on the agent’s orientation-

his concept may be difficult to grasp at first for young children be-

ause they often have difficulty determining spatial relations from per-

pectives that differ from their own ( Roberts, Jr. & Aman, 1993 ). Our

ndings regarding the indicators are not isolated to the present study

r research on screen-free coding toys. Previous studies of pre-literate

hildren engaging in CT tasks (both plugged and unplugged) identified

imilar “difficulties ” to what we refer to as indicators or errors in our

tudy. For example, in a study with kindergarten children (ages 5–6),

sing a LOGO-based environment, ( Fessakis, Gouli and Mavroudi 2013 )

ound that the children had difficulties with the spatial code meanings

uch as decoding the various symbols for commands, they had trou-

le with angle and turn symbols, and the orientation direction of the

gent on the screen (a lady bug). Children also had difficulty expressing

ral directions and relied on the arrows to communicate. In their ver-

al communication children often used imprecise language to describe

ovement (e.g., turn down, turn up, go straight) rather than turn left

r turn right and forward ( Fessakis et al., 2013 ). Similarly, in a study

ith 2–4-year-old children, Critten, Hagon and Messer (2021) found

hat younger children did not understand left and right rotations. They

sed the word ‘turn’ and gestured with hand directions. The children

n Critten et al.’s study experienced difficulty with what we refer to as

pace-symbol coordination , which involves knowing how the program or

ovement corresponds to the domain in which the agent moves around,

hether it is a map, screen, grid, or the real-world. Findings from previ-

us studies align with findings in the present study in that the concepts

ehind the indicators reported here as ‘errors’ or in other studies as ‘dif-

culties,’ are presented as concepts that children came to understand

ver time by engaging in CT tasks. For example, in a study with chil-

ren aged 3–4.5, Palmér (2017) found that after 4 months, the children

nderstood what we refer to as the spatial code meanings, one-to-one code

o movement correspondence , and space-symbol coordination . 
76 
As we saw in the examples above, children needed knowledge of:

ode-to-movement correspondence , knowledge that one code produces a

ingle discrete movement; spatial code meanings , knowing what each

ode means and does; spatial orientation of the robot , knowing that the

odes always produce the same movement but depend on the agent’s

rientation; and space-symbol-coordination , knowing how the program

omain corresponds to the domain in which the agent moves around.

e also identified mathematical knowledge, skills, and abilities that in-

uence their performance; counting-on, rotation on a point, linear units of

easurement , and spatial reasoning ( Shumway, Welch, Kozlowski, Clarke-

idura, & Lee, 2021 ). Appendix A shows how the indicators map on to

he prior knowledge, skills, and abilities. 

These CT skills and related prior knowledge are similar across the

oys we used in our study and also apply to other coding environments

esigned for pre-literate children, including board games designed to

each young children CT ( Poole, Clarke-Midura, Rasmussen, Shehzad, &

ee, 2021 ). It is important to note that other coding contexts and toys

ave the potential to foster a wider range of CT skills such as repeat

oops and conditionals ( Bers, 2019 ) and math skills such as patterning,

nitizing, and more advanced iterating. 

.2. Design implications for formative assessments 

Designing formative assessment tasks of variable complexity to in-

orm instruction requires first understanding the knowledge and skills

eing assessed. We have described what some of these key knowledge

ndicators are and what common observables may be, such as gesture,

anipulating materials, and using imprecise language. These modes of

esponding during tasks provide evidence for interpreting students CT

nowledge in refinement. However, rather than discreet pieces of evi-

ence that map neatly onto algorithmic thinking, debugging, or abstrac-

ion per se, children’s demonstrations of knowledge often co-implicate

ultiple CT knowledge domains. For designers of formative assessment

asks, the challenge becomes deciphering from a single indicator, exactly

hich knowledge is co-implicated. In other words, when children like

hose in Wrong Turn Example C ( Fig. 5 ) indicate a wrong turn, there are

otentially multiple CT components implicated. Figuring out whether

his error is due to (a) a developing understanding of spatial reason-

ng (i.e., understanding the robot’s orientation determines the rotation)

b) a developing understanding of one-to-one correspondence (i.e., under-

tanding that the unit of a turn requires a rotation + forward), or (c) a

eveloping understanding of code meanings (i.e., understanding that the

urn arrow simply rotates it) or (d) some combination of these skills in-

olves interpreting the child’s demonstrated knowledge in context of the

ormative task. In these design spaces, tasks have many moving parts,
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hus we encourage the combined use of our indicator set with design

atterns for variable features of formative tasks as loose task models,

ather than straightforward means of inferring a child’s knowledge. 

Our approach for developing formative assessment tasks based on

RO indicators and observing how children respond to variable features

f tasks underlies the importance of scaffolding and the need for teach-

rs to support learning in each child’s zone of proximal development

ZPD). Vygotsky wrote that “a child’s ZPD is the distance between the

ctual developmental level as determined by independent problem solv-

ng and the level of potential development as determined under adult

uidance or in collaboration with more capable peers ” ( Vygotsky, 1978 ,

. 86). This view of formative assessments taking place in the child’s

PD requires teachers to observe children during activities and notice

he errors they make in order to understand the kinds of assistance that

ill help their learning develop. For example, a teacher may observe

hat a child is struggling to select a correct rotation code when the

obot does not share their orientation (e.g., because the robot starts fac-

ng them, they want to program it to turn right, rather than left) (see

ang et al., 2021 and Flood, Wang & Sheridan, 2022 for rich peda-

ogical examples of this particular piece of knowledge in refinement).

caffolded assistance could consist of introducing several short tasks or

aths that start from the child’s perspective, progressively scaffolding

hem to assume the robot’s starting perspective. However, any path de-

ign that involves a rotation will eventually position the robot at some

on-zero angle relative to the child; therefore, anticipating where chil-

ren will need to “see from ” during different stages of tasks is part of

odifying consequential variable feature such as starting position or

umbers of turns. Alternatively, teachers may choose to eliminate ro-

ations altogether at first, and focus on changing orientation along lin-

ar paths and vary the starting position or path length. Our framework

nd task models provide an accessible way for teachers to know which

orms of assistance to use when working with children within their

PD. 

As we have highlighted, one great affordance of the 3D grid-agent

oy paradigm for early CT development is the multimodal means chil-

ren have of demonstrating their developing understanding. Multimodal

esponses multiply the ways children have of conveying their thinking,

hich is particularly advantageous given the co-implication of domains

nd lamination of variable features in a task. A final implication for

eachers and tasks designers involves the need to filter out or alter-

atively, to target, some response modalities in some tasks. In other

ords, when asking questions is simply not enough- because children

re still developing the precise language of coding or because they are

till emerging English language learners- we encourage the use of ges-

ure, object manipulation, or embodying the robot as a form of evidence

hat supports making valid inferences about a child’s knowledge during

ormative assessments. Future research is needed that explores these

ifferent modes of response and the strategies children use to better

nderstand the relationship between what children say, what they do,

nd what they are learning during assessment tasks, both formative and

ummative. 

.3. Limitations and future directions 

The major limitations of the present study are the small sample size

nd the focus on coding environments designed for pre-literate children.

hile our findings align with those by Fessakis et al. (2013) around

 LOGO-based environment, more research should be conducted with

arger samples of children on how these indicators, contextual profi-

iencies, and math knowledge relate to other screen-based coding en-

ironments like Scratch Jr. Although, it is important to note that the

rocess of identifying indicators through the errors children make and then

sing the indicators to develop formative assessment tasks could apply to any

oding environment. 
77 
Our principled approach and the identification of indicators has the

otential to provide insight into very early understandings of what levels

f CT may look like in early childhood in the context of coding environ-

ents designed for pre-literate children. Kindergarten is often a period

f rapid developmental and cognitive growth, where numeracy and lit-

racy skills are emergent and involve making meaning of symbols (i.e.,

umerals and letters). Future research should explore the relationship

f symbolic-type contextual proficiencies and mathematical knowledge

ith CT facets across children at different developmental levels. Further

esearch should also examine whether the indicators, contextual profi-

iencies, and mathematical knowledge we have identified as important

o kindergarten children’s CT understanding are bound to environments

esigned for pre-literate children or if they are important in other coding

nvironments. 

onclusion 

While work is underway to develop assessments that can be used

or summative purposes (e.g., Clarke-Midura, Silvis, Shumway, Lee, &

ozlowski, 2021 ; de Ruiter & Bers, 2021 ; Relkin & Bers, 2021 ; Na &

larke-Midura, 2023 ), the long-term goal of building a coherent system

f assessments for early childhood CT requires a range of assessments

e created. In particular, there is a need to understand how to design

ormative assessments that can be used during classroom instruction to

rovide feedback to teachers and children in real-time. We offer a frame-

ork for conceptualizing the design of formative assessments that starts

ith observing the errors children make, that we refer to as indicators

f knowledge in refinement. We combine this with the ECD framework,

 principled approach for designing assessments as evidentiary argu-

ents. The process in which we identify indicators and link them to our

asks and cognitive model aids us in refining our operationalization of

arly childhood CT in the context of coding environments designed for

re-literate children. It is also allowing us to create a coherent assess-

ent system in which our curricular tasks, formative assessments, and

ummative assessment tasks are all aligned. 

Theoretically, we advance two arguments with this paper: (1) an

rgument for looking at indicators of knowledge refinement opportu-

ities that are manifest in children’s coding errors and analyzing them

or continuities in the broader spectrum of developing CT competencies

nd (2) a formative assessment development process to help the field of

arly childhood education advance ways of thinking about CT. By iden-

ifying these indicators and how they can be integrated into formative

ssessment practices and lessons, we hope to make the learning of com-

utational thinking in early childhood more accessible to children and

o teachers alike. 
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ppendix A 

Table of Indicators of Knowledge Refinement Opportunities with

efinitions and Links to Emerging Understanding 
Indicators of Knowledge 

Refinement Opportunities Definition 

Unit of Turn The child believes that a turn arrow moves the robot fo

This is seen when a child thinks a turn arrow rotates th

and then moves or when they believe that the arrow re

a cardinal direction and they move it accordingly. 

Wrong Rotation The child chooses the wrong turn arrow for the progra

rotates the robot the wrong direction (compared to the

arrow selected). 

Includes Starting Space The child includes the starting spaces when counting t

number of forwards needed in a program. They count 

and not movements. Usually this is what is occurring e

time children have one too many forwards in a section

program. 

Distance of Arrow The child doesn’t understand how far one arrow move

robot. This is often seen when children are being impr

how they move the robot or when they make a countin

that is not one less (spaces between) or one more (incl

starting space). 

Spaces Between The child doesn’t count the beginning or ending space,

squares between the two. This is a subset of Distance o

because the child thinks that one arrow makes the rob

farther than it really does. Usually this is what is occur

every time children have one too few forwards in a sec

their program. 

No Turn Arrows The child builds a program of all forward arrows when

at least one turn marked or needed to get to the goal. 

Corresponds to Direction 

not Movement (CTDNM) 

The child rotates the robot to face the cardinal directio

arrow. 

Use of Backward The child uses a backward arrow incorrectly in a progr

when one shouldn’t be needed at all. This is often seen

the child believes a backwards arrow will do somethin

different than it does or when the child is placing seem

random arrows on the program. 

78 
Emerging understanding of…. 

rward. 

e robot 

presents 

Spatial Code Meanings - Knowing what each of the codes instructs 

the agent do (i.e. semantics) 

Code-to-Movement Correspondence - Knowing that one code (i.e. 

arrow) produces a single discreet movement either forward, 

backward, rotating right, rotating left 

Spatial Reasoning - Knowing how the agent moves in 3 dimensions 

and thinking about them in different positions and orientations 

Rotation on a Point - Knowing that an agent’s rotation occurs by 

rotating on a fixed point at a set angle, not translating to an 

adjacent point 

m or 

 turn 

Spatial Code Meanings - Knowing what each of the codes instructs 

the agent do (i.e. semantics) 

Spatial Reasoning - Knowing how the agent moves in 3 dimensions 

and thinking about them in different positions and orientations 

he 

squares 

very 

 of their 

Counting on - Knowing that you do not include the starting location 

when counting forward movements, or that the start space is "zero" 

Linear Units - Knowing how to use a standard unit of measure to 

make the agent travel along a linear path 

s the 

ecise in 

g error 

udes 

Spatial Code Meanings - Knowing what each of the codes instructs 

the agent do (i.e. semantics). 

Code-to-Movement Correspondence - Knowing that one code (i.e. 

arrow) produces a single discreet movement either forward, 

backward, rotating right, rotating left 

Sequencing - Knowing how to sort and arrange codes and also how 

to use number sequencing to determine how many movements or 

codes are needed 

Linear Units - Knowing how to use a standard unit of measure to 

make the agent travel along a linear path 

 only the 

f Arrow 

ot go 

ring 

tion of 

Spatial Code Meanings - Knowing what each of the codes instructs 

the agent do (i.e. semantics). 

Code-to-Movement Correspondence - Knowing that one code (i.e. 

arrow) produces a single discreet movement either forward, 

backward, rotating right, rotating left 

Sequencing - Knowing how to sort and arrange codes and also how 

to use number sequencing to determine how many movements or 

codes are needed 

Linear Units - Knowing how to use a standard unit of measure to 

make the agent travel along a linear path 

 there is Spatial Code Meanings - Knowing what each of the codes instructs 

the agent do (i.e. semantics) 

Spatial Orientation of robot - Knowing that the codes always produce 

the same movements but depend on the agent’s orientation 

Spatial Reasoning - Knowing how the agent moves in 3 dimensions 

and thinking about them in different positions and orientations 

Rotation on a Point - Knowing that an agent’s rotation occurs by 

rotating on a fixed point at a set angle, not translating to an 

adjacent point 

n of the Spatial Code Meanings - Knowing what each of the codes instructs 

the agent do (i.e. semantics) 

Spatial Orientation of robot - Knowing that the codes always produce 

the same movements but depend on the agent’s orientation 

Space-symbol Coordination - Knowing how the program domain 

corresponds to the domain in which the agent moves around (i.e. 

how codes or specific parts of programs correspond to specific 

parts of paths traveled by the agent) 

Spatial Reasoning - Knowing how the agent moves in 3 dimensions 

and thinking about them in different positions and orientations 

Rotation on a Point - Knowing that an agent’s rotation occurs by 

rotating on a fixed point at a set angle, not translating to an 

adjacent point 

am 

 when 

g 

ingly 

Spatial Code Meanings - Knowing what each of the codes instructs 

the agent do (i.e. semantics) 

Spatial Orientation of robot - Knowing that the codes always produce 

the same movements but depend on the agent’s orientation 

( continued on next page ) 
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( continued ) 

Indicators of Knowledge 

Refinement Opportunities 

Definition Emerging understanding of…. 

Incorrect Sequencing The child places arrows in the wrong sequence on the program 

organizer. Either they have all the right arrows and place them 

in a different order, or they use the program boards to 

incorrectly build their program, for example, starting from the 

right to the left. 

Sequencing - Knowing how to sort and arrange codes and also how 

to use number sequencing to determine how many movements or 

codes are needed 

Orientation of 

Arrows = Movement 

The child orients the arrows differently in the program, which 

affects what they believe the arrow will make the robot do. 

Spatial Code Meanings - Knowing what each of the codes instructs 

the agent do (i.e. semantics) 

Spatial Orientation of robot - Knowing that the codes always produce 

the same movements but depend on the agent’s orientation 

Spatial Reasoning - Knowing how the agent moves in 3 dimensions 

and thinking about them in different positions and orientations 

Rotation on a Point - Knowing that an agent’s rotation occurs by 

rotating on a fixed point at a set angle, not translating to an 

adjacent point 

Diagonal Line The child believes the robot can move diagonally across 

squares to get to a goal. 

Spatial Code Meanings - Knowing what each of the codes instructs 

the agent do (i.e. semantics) 

Spatial Reasoning - Knowing how the agent moves in 3 dimensions 

and thinking about them in different positions and orientations 

Rotation on a Point - Knowing that an agent’s rotation occurs by 

rotating on a fixed point at a set angle, not translating to an 

adjacent point 

Disregards Starting 

Orientation 

The child writes a program as if the starting orientation of the 

robot is facing the goal (regardless of which way the robot is 

actually facing). 

Spatial Code Meanings - Knowing what each of the codes instructs 

the agent do (i.e. semantics) 

Spatial Orientation of robot - Knowing that the codes always produce 

the same movements but depend on the agent’s orientation 

Spatial Reasoning - Knowing how the agent moves in 3 dimensions 

and thinking about them in different positions and orientations 

Rotation on a Point - Knowing that an agent’s rotation occurs by 

rotating on a fixed point at a set angle, not translating to an 

adjacent point 
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