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Abstract The purpose of this study was to elicit design

guidelines for a teacher tool to support students’ diverse

needs by facilitating differentiated instructions (DIs). The

study used a framework based on activity theory and

principles from universal design for learning. As for the

research methods, design-based research methods were

adopted, and as the first step, this study selected and

interviewed four teachers and five community members.

As a result, it identified facilitating and conflicting factors

in practicing DI and analyzing the activity system in

teaching for DI. From this analysis, specific user require-

ments were identified as blueprints for the design of new

tools as mediating strategies. Furthermore, the findings

helped establish five design guidelines for teacher tools to

encourage DI practice. This study has implications for a

teacher application as a mediating tool, which will facili-

tate DI practice by developing an understanding of teach-

ers’ needs and the challenges they face in DI activities. It

also presents a methodology for eliciting users’ require-

ments as the first step of design-based research to leads to

innovations embodied in specific theoretical claims.

Keywords Differentiated instruction � Teacher tools �
Design guidelines � Activity theory � Universal design for

learning � Qualitative study

Introduction

The theory of multiple intelligences has altered commonly

held views on student intelligence and diversity in learning

(Gardner 1983). To address issues of diversity, studies about

differentiated instruction (DI) (Tomlinson 2001) and uni-

versal design for learning (UDL) (Rose et al. 2006) have also

expanded views on learning styles by calling for greater

inclusiveness. The concept of diversity in the classroom has

also been extended to include those with different back-

grounds and abilities (i.e., inclusiveness) (Ahn 2010; Ahn,

Roh and Kim 2010). Addressing student diversity and con-

sidering student interests lead to enhanced student motiva-

tion and perseverance in accomplishing instructional goals

(Subban 2006). Therefore, addressing DI in teaching can

support student learning.

Recently, the Korean government has tried to promote

adaptive learning through the SMART education initiative

(MEST 2011) to address the increasing diversity of class-

rooms in Korea due to growth in the number of students

from multicultural family backgrounds, the expansion of

inclusive classrooms for the disabled, and the rise in the

number of foreign students. However, even if teachers and

educators recognize the need for DI, few teachers are able

to accommodate this diversity in the classroom (Subban

2006), especially while they are teaching. Although soci-

etal and demographical changes in classroom demand

teachers’ DI, however, teachers lack training to fully sup-

port all students’ learning by practicing DI.

Thus, a tool to support teachers to teach with DI

framework would help the teachers teaching and students

learn in the classrooms. Teachers need DI guidance to meet

the students’ needs and promote their learning. The DI

includes instructional strategies, guidelines, systems,

models, frameworks, and toolkits. When teachers’ DI
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activities are supported and mediated by tools and guid-

ance, this has a significant impact on their desire for DI

practice (mental awareness), their habit of DI practice (the

nature of their teaching activities) (Nardi 2001), and most

importantly for student learning (Gardner 1983; Rose and

Meyer 2002).

To develop a practical teacher support tools, it is first

necessary to understand the difficulties and identify

teachers’ needs. Activity theory (AT) provides a theoretical

framework for understanding the context of human beings

and their activities (Nardi 2001). AT is widely utilized as

an analytical framework to determine specific requirements

for a particular tool being developed and to analyze prob-

lems with existing tools (Preece et al. 2007). The findings

from this analysis might provide valuable information in

the design of new tools as mediating strategies (Choi and

Kang 2010; Jonassen and Rohrer-Murphy 1999).

Therefore, the aim of this study was to suggest design

guidelines for teacher tools to facilitate DI practice by

understanding teachers’ needs and challenges in DI activ-

ities, using a AT framework as a theoretical background.

Theoretical background

Activity theory

A review of the cultural–historical research traditions

underlying AT offers insight into the artifact (tool) as a

mediated act in an environment where users are interacting

(Nardi 2001). Engeström (1999) graphically expanded

Vygotsky’s triangular model, integrated Leont’ev’s work

on collective activity, and defined the ‘‘Activity System’’

(AS) as an expanded triangle model that includes the

community, the division of labor, and the rules, as depicted

in Fig. 1. Figure 1 shows the paradigm shift of focus from

individual activity to the interrelation between the indi-

vidual and the subject’s community, which has led diverse

disciplines to apply AT in order to examine human prac-

tices (Kuutti 1996; Barab and Squire 2004).

The role of tools (instruments) in AT has been devel-

oped throughout three generations. A tool functions as a

form of mediation in an interaction between a human being

and an environment for the behavioral transformation of

the individual. However, this has been expanded to be

conceptualized as a form of mediation that is collectively

involved with the community in the second generation

(Engeström 1999). Tools can be either physical or abstract

(Preece et al. 2007). Preece et al. (2007) emphasized the

relationship between human development and mediated

artifacts as a change from acting on the world to that which

is mediated by something else. Thus, new activities from

new artifacts lead to new learning and influence culture,

society, and history. These days, smartphones (a new tool),

influence all facets of people’s lives (Betz 2012). There-

fore, in the present study, smart tools (e.g., smartphone or

smart pad) are examined as instruments which mediate and

promote DI practice.

Meaning of the tools and contradictions in activity

theory

Indeed, a variety of studies have used AT as an analytical

lens to understand the impact of newly introduced artifacts

or the systematic tensions in the learning environment as

influenced by technology (Yamagata-Lynch 2003, 2007;

Choi and Kang 2010). AT in practical design can be uti-

lized to obtain specific user requirements based on the

analysis of tensions between the components of the activity

system.

AT in practical design

Preece et al. (2007) argued that identifying and analyzing

the components of the AS depends on the researchers’

interpretations. In addition, AT analysis requires a large

number of interviews to collect and articulate data. Ya-

magata-Lynch (2007) argued that AS analysis has great

potential to manage the complicated ‘‘qualitative design-

based research (DBR) data set’’ (p. 453). He used the AS as

a descriptive tool to understand the interaction between

teachers and their professional development program as

integrated by technology. DBR is an emerging empirical

Fig. 1 Activity system (Engeström 2001 p. 134–135)
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educational research methodology suggested in order to

improve the experimental design research (The Design-

Based Research Collective 2003). DBR collective argue

that it leads to innovations embodied in specific theoretical

claims about teaching and learning and promote under-

standing ‘‘relationships among educational theory and

designed artifact, and practices (p5).’’ The characteristics

of this DBR approach are naturalistic, process oriented,

iterative, and involve creating a tangible design (Barab and

Squire 2004). Jonassen and Rohrer-Murphy (1999) also

suggested a framework to determine the components of the

AT system and proposed some questions that can be uti-

lized to analyze an AS for designing a new learning

environment. For the purpose of creating a new tool for DI,

interviews were utilized as recommended by Preece et al.

(2007) based on the framework suggested by Jonassen and

Rohrer-Murphy (1999).

Differentiated instruction

George (2005) emphasized that DI should be an essential

part of the classroom experience for students, building on

his research and experience of 40 years in the field of

education. However, differentiation does not mean that all

students must reach the same level. Instead, every student

should have the opportunity to perform at their best

(Tomlinson 2003). Many researchers (Winter 1985; Park

and Lee 2003) have proposed providing instructional

environments responding to the different needs of learners.

The direction of these studies is varied, and the terms are

also diverse, ranging from a focus on differentiated learn-

ing to adaptive instruction. Although the focus was slightly

different, this foundational goal attempts to accommodate

learner needs using various approaches (Winter 1985).

Therefore, instructional methods for the foundational goal

of supporting student needs are labeled as DI in this study.

Differentiated instruction models

Park and Lee (2003) divided DI into three different

approaches based upon aspects of instructional methods for

adapting to different learners. Hereafter, the terms ‘‘DI’’

and ‘‘adaptive instruction’’ are used interchangeably, as

explained above. The DI strategies that Tomlinson (1999,

2000 and 2001) suggested for mixed-ability classrooms are

a type of macro-adaptive instructional (MAI) model among

three approaches. However, studies investigating MAI

models have not made much progress due to difficulties in

developing curriculum design, teacher training, resource

limitations, and organizational resistance (Subban 2006).

Park and Lee (2003) also mentioned another reason for the

limited success of these models despite numerous trials and

diverse efforts. This is due to their development based on

unverified theoretical assumptions and the difficulty that DI

is proactively done prior to teaching, so it is not easy to

reflect a learner’s change in a progressive way. In recent

years, these problems have been tackled by computer

technology, with new innovative attempts and to provide

better learning environments for all students grounded in a

practical framework.

Universal design for learning (UDL) as a macro-

adaptive instructional framework

By integrating technology into the classroom, UDL has

been proposed as a practical framework to reduce barriers

to instruction, to provide appropriate accommodation,

support, and challenge, and to maintain high achievement

expectations for all students (Rose and Meyer 2002). The

flexibility and additional support through technology might

make it possible for students with some learning problems

as well as for students with special needs to have more

accessible opportunities toward learning. It is also benefi-

cial to design the curriculum for all students’ needs, so that

accessible methods, materials, and assessment are sug-

gested for all (Hall et al. 2003). The learning support

through the UDL framework can help to implement DI

where teachers can customize the criteria for teaching

strategies, materials and means of student expression,

monitoring student progress through ongoing evaluation

(Rose and Meyer 2002). The flexibility and UDL frame-

work have been built based on scientific research into ‘‘the

learning brain.’’ If educators categorize learners into smart,

not smart, disabled, or not disabled, it is grossly oversim-

plified because students are different within and across all

three brain networks: cognitive, strategic, and affective

networks, showing a unique assortment of strengths,

weaknesses, and preferences for learning (Hall et al. 2003).

In the classroom, students’ strengths or weaknesses based

on patterns of strong and weak points across all three

networks should be considered when teachers provide an

individual student with learning support. Based on the

assumption of dealing with each brain network in a

learning context, CAST (2011) developed UDL guidelines

as ‘‘an articulation of the UDL framework’’ (p. 4) to help

anyone who plans curricula (goals, methods, materials, and

assessments) to minimize the learning barriers and support

all learners. The National Center on Accessing the General

Curriculum also demonstrates that ‘‘DI is well received as a

classroom practice that may be well suited to the three

principles of UDL’’ (Hall et al. 2003, p. 9). In addition to

teaching methods, CAST provides a variety of toolkits such

as UDL studio, planning for all learners (PAL) toolkits, and

e-book builders. These toolkits also help teachers to prac-

tice DI and provide learning scientists with practical

guidelines for DI practice. This learning support with a
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UDL framework can help to implement DI where teachers

can customize the criteria for teaching strategies, materials

and means of student expression, and monitor student

progress through ongoing evaluation (Rose and Meyer

2002).

Teachers’ tools for DI

Since the role of teachers is crucial in DI (Smith and

Throne 2007), tools for teachers that mediate difficulties

associated with DI might help to promote DI practice

(Nardi 2001). Gibson and Hasbrouck (2009) argue that

teachers need tools and proven methods to practice DI.

Moreover, there have been some studies on DI tools for

teachers including the system, guidelines, and model

(Gordon 2007; Gibson and Hasbrouck 2010; Gregory and

Chapman 2007). Based on a review of these tools, the most

common aspects and implications of tools that effectively

support teachers are summarized below (Cha 2013).

First, analyzing student characteristics and needs should

be done at an early stage. Second, teachers need to plan a

prescriptive instructional design based on the evaluation of

learners, including their goals, resources, and strategies.

Third, managing student data are an essential part of the

teacher’s role, and therefore, some studies have suggested a

management system. There is so much data to be managed

by teachers in order to practice DI, including students’

characteristics, needs, lesson goals, strategies, and assess-

ments. Consequently, a well-designed management system

is required. Fourth, ongoing revision in terms of student

interests as well as assessment of achievements should be

conducted in order to provide constant feedback. Fifth, it is

very helpful for teachers to share good instructional

methods and examples. Teachers feel more comfortable

when they have colleagues as mentors (Lee et al. 1999).

Thus, peer coaching and the sharing of effective models

can encourage teachers to improve their DI practice. These

five implications provide guidance for the design of a new

tool to support teachers and to facilitate their DI practice.

Characteristics of the smart tools

The boom in smart technologies is transforming the para-

digm of education toward providing intelligent and cus-

tomized teaching and learning environments (KISA 2012;

Kim 2011; MEST 2011; KERIS 2011). In education, those

studies have also tried to discuss the effects of new smart

devices on teaching and learning. From such effort, this

study will also consider how smart technologies could be

applied to design an innovative tool to support teachers and

facilitate their DI practices.

In fact, smart technology is not a specific technology.

Instead, it refers to a technology that is sensitive to what is

happening everywhere and responds quickly to provide

personalized products and services through analysis and

forecasts (Kim 2011). Both from the definition of smart

technologies and through the review of relevant articles to

the keywords such as ‘‘smart’’ and ‘‘technology’’ (KISA

2012; Kim 2011), the smart devices might be taken with

some technologies such as cloud computing, Web 2.0,

analytics (semantic Web and Web 3.0), and so on into

account.

Cloud computing refers to the systems that use hardware

and resources in the ‘‘cloud’’ as a specialized data center

hosted by thousands of servers. It makes it easier for

individual users to use an application on a wide range of

computer platforms (Johnson, Levine, Smith and Smythe

2009). In other words, the value of cloud computing as a

way to provide access to services and tools without the

need to invest in additional infrastructure makes teaching

and learning data management an attractive option for

many educators (Johnson et al. 2010). The cloud systems

that synchronize data between computers to provide access

from anywhere help smart devices connected to each other

easily and users to work effectively with the variety of

smart devices according to the context (Simonite 2012).

Web 2.0 can be defined as a technological feature that

facilitates participatory knowledge sharing and collabora-

tion on the Web (KERIS 2011). It was enhanced by social

network services to help build social networks and rela-

tions by online media to share interests and activities.

Moreover, the development of smart media has accelerated

knowledge sharing for educators by connecting to and

offering the information anywhere and anytime around the

globe.

Web 3.0 is a set of technologies that provides efficient

ways to make computing systems organize and draw con-

clusions from online data. It becomes possible due to the

power of advances in data mining, interpretation, and

modeling including the semantic Web that seeks to give

computers the ability of intelligence by understanding the

content on the Web (Boland 2007). It is expected that the

next wave of technologies might ultimately blend

‘‘semantic Web tools with Web 2.0’s capacity by dynamic

user-generated connections (p. 2).’’ This means that the

computing system can become more intelligent with the

knowledge that users are creating and sharing. Allowing

users to connect, create, share, and to modify their own

systems offers customized and individualized data with

their own structure on the way users think in a smarter way

(Boland 2007).

One of the example which was applied the smart tech-

nology into DI contexts is the smartphone version of the

PAL tool (Cha and Ahn 2011). This tool tried to
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demonstrate how the advantages of new smart technologies

might help to overcome some macro-adaptive model’s

weaknesses and provide an efficient and usable way of

practicing DI.

Methodology

Research design and procedure

Interviews were conducted to elicit users’ difficulties and

tensions in DI practice, as recommended by Preece et al.

(2007), both to identify users’ needs and to establish sys-

tem requirements for the design of a new tool for DI

practice. By analyzing the interview data, an AS for DI

practice, conflicting factors (CFs), and facilitating factors

(FFs) were established. From these factors, guidelines were

created to design a teaching tool for DI (Fig. 2).

Choice of setting

In the present study, a primary-school setting was chosen to

examine contradictions in DI practice by primary school

teachers in the context of the Korean education system. In

the present study, the main subjects were teachers actively

involved with students in the classroom (Table 1).

Participant selection

Purposeful sampling to select information-rich cases (Pat-

ton 1990) was conducted for the interviews. Four teachers

with different positions at the primary school were

recruited based on criteria determined from the DI context.

The only prerequisite was that they met at least one of the

following four characteristics. They are the selection cri-

teria for the purposeful sampling.

In addition, since we were looking into common DI

tools, we purposefully sampled a group of parents,

administrators, and special education teachers. Parents play

a crucial role in children’s learning, while administrators’

attitudes and support are key factors in making DI imple-

mentation possible (Willis and Mann 2000). In order to

understand the differing relationships and roles of subject

and special education teachers in dealing with students

with special needs, a special education teacher was inclu-

ded as shown in Table 2.

Instruments

The data collection approach was a semi-structured inter-

view. Four different pre-structured scripts were designed for

different groups, but the basic frameworks among the four

scripts were similar. The framework and questions were

designed based on the factors and framework proposed by

Jonassen and Rohrer-Murphy (1999) to determine the com-

ponents and their interrelationships for DI practice and

context. In addition, artifacts used by the teachers, knowl-

edge shared through the education portal site including

teaching materials and tips, and their performance evalua-

tions were analyzed to identify the details of their activities

and their precise needs (Rizzo et al. 2005).

Table 1 Characteristics of selected teachers (See ‘‘Appendix’’ for

details)

Pseudonym Characteristics (selection criteria)

Cha Experienced teaching disabled students

Kim Experienced teaching multicultural students

Yang Experienced studying UDL and establishing an

understanding of UDL

Lee A subject teachera

a In Korean primary schools, teachers consist of class and subject

teachers. A class teacher teaches and takes care of all students in a

class within 1 year and subject teachers teach specific subjects such as

music, art, physical exercise, and English in many classes

Table 2 Characteristics of selected community members (See

‘‘Appendix’’ for details)

Pseudonym Characteristics (selection criteria)

Dang Has a primary school child with ADHD

Lim Has a primary school child from a multicultural

background

Choi Has more than two primary school children

Jung Over 5 years of experience in school administration

Ahn Placed in the general school population to promote an

inclusive classroom

Fig. 2 Overall process of this study
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Analysis of the data

AT was utilized as an analytical lens for identifying, cod-

ing, and categorizing qualitative data. First of all, the data

were transcribed and coded based on the components in the

activity systems. As a result of the analysis, conflicting and

FFs (Choi and Kang 2009) in DI practice were identified.

Table 3 describes the coding scheme and definitions

according to category.

Results

Activity system of DI practice

One of the findings from analysis of the interviews was the

activity system about DI practice at Korean primary school

environments. In this study, subjects are the class teachers

shown in Fig. 3. Data from interviews demonstrated that

most of the Korean classroom teachers barely differenti-

ated their instruction, due to numerous conflicts which will

be discussed in more detail below. However, they did

unconsciously and unintentionally try to provide DI to their

students, even if the range and amount was very small.

In fact, while teachers were discussing about the DI in

the interview, they said that they realized the importance of

DI, and they admitted that understanding differences

among students could be a basic consideration for their

students, and could make it possible for them to have a

different starting point depending on the students’ levels

and characteristics.

Another outcome could be establishing a good learning

environment in the classroom. For example, the behavior

of students with special needs or other challenges has an

influence on the overall learning environment of the

classroom and might interfere with other students’ learn-

ing. However, teachers argued that providing different

materials and instructions to students with special needs or

problems based on their own interests might encourage

them to more actively participate in lessons.

It also reveals that teachers perceived students’ enthu-

siasm about their teaching from the strategies. Therefore,

their behaviors were changed, and this in turn improved the

atmosphere in the classroom. ‘‘(…) the number of absences

was significantly reduced and their attitude in a class

became positive. It can cause a very good atmosphere in a

classroom’’ (Kim).

It was identified that the community members in the

activity system about DI practice would be subject teach-

ers, special teachers, parents, and administrator. To illus-

trate, some classes such as English, music, and physical

exercise at the Korean primary school are taught by other

subject teachers, while most of subjects except for such

subjects are taught by their own class teacher. As one of the

divisions of labors between class and subject teachers, class

teachers consider students in their classes like their own

children, so they are interested in any problems that hap-

pened during subject lessons in their classroom. Thus, it

was a tacit rule that class teachers would ask subject

teachers for information about how the subject lessons

were going in their classes, and whether or not students

were having trouble. They frequently had informal con-

versations either by messenger, during lunch, or during

chance meetings in the hallway. ‘‘(..). asked the subject

teachers about how it was going with today’s class? Stu-

dent’s attitude is different to the class and the subject

teacher. They didn’t usually listen to subject teacher’s

instructions well compared to me’’ (Kim). There were

many divisions of labor and rules between community

members as shown in Fig. 3.

As an example for the rule, the class teacher asked aids

to the special teachers about the guidance and teaching

materials for their special students. Special teachers also

talked with class teachers about the attitude and learning

status of the student with the special needs in the inclusive

class, expecting that the class teacher consider allocation of

a proper seat location, pairs, learning materials and so on.

However, nowadays, due to the convenient communication

media such as messengers and SMS, teachers try to keep in

Table 3 Activity system and coding scheme

Category Coding

scheme

Definition Findings in

analysis

Object and

outcome

Oj Ot The objective of

practicing DI and the

outcome brought from

the objective

Components

of activity

system

Tools T Physical or mental

resources and tools

mediated by the subject

to achieve the objective

Community,

rule, and

division of

labor

Cm, R,

DL

The community members

that are involved in

practicing DI at the

primary school, the

rules that govern

behaviors between

community members,

and the distribution of

the roles between the

community member

according to rules

Facilitating

factors

FF The aspects that DI

practice are facilitated

by the teachers and the

community

Facilitating

factors

Conflicting

factors

CF Contradictions, problems,

breakdowns, tensions in

practicing DI

Conflicting

factors
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regular touch with parents at the class, so it is revealed that

the communication between parents and teachers are get-

ting promoted more through media (Goodall and Vorhaus

2010).

Facilitating factors

The interviews with teachers and community members

helped to identify 14 FF in five categories for DI practice in

Korean primary schools (Table 4).

Most of the community members felt that the most

important part of the practice of DI was to identify students’

characteristics and needs. In addition, in order to maintain

the student’s information, teachers thought that it might be

beneficial to have student’s management tools. In fact, as

one of the tools, teachers are utilizing the annual schedule to

record information and reflect student’s needs. ‘‘to identify

student’s characteristics is the most important thing in DI

practice’’ (All teachers mentioned this factor).

Furthermore, to practice DI, teachers need various effec-

tive teaching materials with specific guidelines and frame-

works for DI strategies as most of them expressed difficulties

with DI practice. From their perspective, professional

development for DI should be offered to the community as

well as to teachers. ‘‘If I have accurate teaching strategies

such as A for A type student, B for B type student, and C for

C type student, I might utilize it’’ (Kim). Knowledge sharing

is one of the important techniques to facilitate DI practice.

‘‘When I don’t know what to do for the student with the

special needs, I go on the internet and ask other teachers

about their experience’’(Cha). ‘‘I usually get good teaching

materials and tips from the I-scream’’ (Lee). In terms of tools

to support DI, teachers utilize notes and word processors to

record student characteristics. In interactions between com-

munity members, teachers utilize various communication

tools such as phone, messenger, and SMS. There has been a

trend toward expanding opportunities to interact with com-

munity members. ‘‘I take a note about my students. The notes

help me to write and send student’s records about their

learning progress and their school life to parents’’ (Lee, Kim).

‘‘I ever gave and took a special note for a student with ADHD

to his mother’’ (Cha). Additionally, class teachers try to

match other students with those with special needs, and

student diversity and needs are met by allocating the

appropriate seating and groups for collaborative work.

‘‘When I consider allocating seats or groups, I try to match

the individual student’s grade, personality, and their special

needs’’ (Lee).

Conflicting factors

Interviews with teachers and community members revealed

CF that caused difficulties in DI practice. The analysis

identified five categories of 33 CFs. One of the most crit-

ical issues for DI practice was difficulty with the man-

agement of student information. As mentioned in the

analysis of the FFs, the first task of DI is to identify indi-

vidual students’ traits. However, it is not easy for a class

teacher to manage all of the data about individual differ-

ences due to the number of students in a class. Parents may

feel that they have less access to their children’s school

information, and teachers also provide parents with few

chances to contribute to identifying their children’s needs.

‘‘I don’t know our children’s school life’’ (Choi). ‘‘The best

Subject Object

Tool

CommunityRules Division of
Labor

Outcomes
Class

Teacher

- Educational Portal Sites
- Knowledge Share
- Professional Development
- Communication Tools
- Teaching Strategies & Materials

- Subject Teachers
- Administrators
- Special Teachers
- Parents

- After subject teachers taught class, they
talked with class teachers about the class.
- Class teachers inform administrators of big
problems students are experiencing.
- Class teachers usually sent student’s records
at the end of term.
- Special teachers asked class teachers about
disabled student’s attitude and learning
status after the inclusive class

-Moral attitude : Respect each other
- Influence of student’s achievement
- Learning motivation
- Satisfaction(Teachers and Student)
- Positive attitude to school life

- Special teacher : Students with special needs were
sent to class teachers, and help them to adjust to
inclusive classes
- Administrators usually took care of big problems
with students.
- Subject teachers did not talk with parents and
class teachers did.
- The class teacher did not talk with parents of
students with the special needs, and the special
needs teachers did.

DI

Fig. 3 Activity system of DI practice in Korean primary schools
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method to understand students is to talk with parents’’

(Choi, Cha). The exchange of information between teach-

ers and parents is pivotal in accurately identifying students’

needs. Even when sufficient information on students is

exchanged between teachers and parents, their perspectives

on students’ characteristics may differ. In addition, when

knowledge sharing between teachers with an ICT tool was

suggested in interviews in order to reduce problems,

teachers expressed concerns about sharing written infor-

mation about students with regard to their attitudes and

affective aspects outside of official profiles and records.

‘‘I’m worried about the written records in terms of private

information security’’ (Lee). ‘‘If my child’s information is

sent to other teachers such as next class teacher, the

agreement from their parents should be gotten’’ (Dang).

Teachers and community members also argued that it

was not possible to practice DI due to education policies

and systems that emphasize student grades and the national

assessment of educational achievement rather than indi-

vidual students’ affective aspects. When discussing the

introduction of a new tool to support the practice of DI,

teachers expressed some concerns about ICT tools. From

the interview, Lee discussed that experienced and novice

teachers did not want to utilize an ICT tool because they

were not accustomed to it, so they were concerned that it

would increase their workload. The teacher gave as an

example the National Education Information System

(NEIS), a new tool that caused a lot of problems and

imposed increased workload (Table 5).

Another common complaint dealt with the installation

and registration of new applications with the same func-

tions. For examples, MSN and KaKaOTalk are both mes-

senger services used by teachers, but whenever a new tool

was introduced, they had to install a new messenger pro-

gram and register people all over again. ‘‘Old and novice

teachers don’t want to use the ICT in education’’ (Lee).

‘‘Whenever a new program was introduced, I have to install

it again in spite of the same functions(…)’’ (Kim).

One of the biggest conflicts in DI practice in Korean

primary schools stems from interactions between commu-

nity members. For instance, parents felt burdened by

interacting with their children’s class teachers because they

were afraid of making mistakes during the conversation

and that this might have a negative impact on their chil-

dren. Teachers also felt burdened by talking with parents

and having to offer student information on a regular basis

due to lack of time. Due to these reasons, opportunities for

interactions between teachers and parents have decreased.

Similarly, a subject teacher also experienced that class

teachers expressed a negative reaction when they provided

student’s negative attitudes in a class in charge. From these

reasons, opportunities for interaction between teachers and

parents have decreased.

‘‘Subject teachers sometime talked to me that A has a

big problem in a class, but he has never had any problem

with me’’ (Kim). ‘‘Teachers usually write a good comment

about the student on report cards’’ (Lee).

There were also many issues raised by teachers and

community members regarding government enforcement

of inclusive classes for students with special needs. These

issues have led to disturbances in teaching and learning in

the classroom. In fact, although individualized education

plans are written and shared by special needs teachers, the

special needs teachers reported that they are not practical in

inclusive classrooms. Overall, the government enforcement

of inclusive classes at Korean primary schools is not

Table 4 Facilitating factors

Category Facilitating

factors

Definition

1. Student

information

management

Identifying

students

characteristics

To understand student

characteristics and to

identify their needs

Lesson planning To prepare specialized lesson

plans based on student

needs

Student

management

tool

To have tools (notes, cards,

diary, notebook) to promote

DI practice

2. Educational

policy and

systems

External

rewards

To be rewarded externally for

DI practice

Political support Political and government

support for DI practice

Motivation and

passion

A national education policy

for teachers to promote

intrinsic motivation and

passion for DI practice

3. Tools and

resources

Teaching

materials

To have better teaching

materials for different

students

Guidelines To have a practical guidelines

and frameworks for DI

practice

Professional

development

To provide professional

development for DI

Knowledge

sharing

To share knowledge and

experience with other

teachers

4.

Communication

Communication

tools

Communication tool such as

phone, Messenger, SMS

5. Students with

special needs

Matching

classmates

To match the best classmates

who are most friendly to

students with special needs

Seat allocation To allocate appropriate seats

according to student

characteristics

Group allocation To allocate the appropriate

groups with which to work

518 H. J. Cha, M. L. Ahn

123



practical, so special needs teachers usually take care of

students with special needs separately in special classes.

‘‘Teachers usually don’t know about how to use the as-

sistive technology. (…) Depending on the class teacher’s

attitude toward students with special needs, their behaviors

are very different (….) (Yang)’’.

Implications

The current study described the context of DI practice in

Korean primary school environments through the analyt-

ical lens of activity system. These contextual data helped

to identify and analyze the contradictions and FFs of DI

practice by eliciting users’ requirements for the design of

new tools as mediating strategies for DI based on quali-

tative DBR (Yamagata-Lynch 2003, 2007). As reviewed

in the characteristics of DBR (The Design-Based

Research Collective 2003; Barab and Squire 2004), this

paper as the first step of the DBR process revealed the

relationships between theories related to DI and DI

practices in a real context. In addition, it also provides

background data to implement the artifact which will be

designed to promote DI practice from an innovative

perspective.

Based on the analysis of user requirements, design

features and functions for teacher applications of smart

tools to facilitate DI practice were suggested.

Facilitating and conflicting factors for DI practice

FFs and CFs were categorized into five domains: student

information management, education policy and system,

tools and resources, communication (interaction), and stu-

dents with special needs. Through the analysis, the linkage

between conflicting and FFs was revealed and the catego-

rization verified. This analysis demonstrated that if the CFs

could be dealt with, DI practice might be more encouraging

for teachers because the consequent solutions could play a

facilitating role in DI practice. For instance, a problem in

student information management was the difficulty teach-

ers had in identifying individual differences in students due

to the large number of students in the classroom. If there

were opportunities to record student characteristics as soon

as they are observed or to exchange student information

between community members, identifying students’ needs

would be more straightforward. Thus, effective student

information management might also lessen inconsistent

viewpoints between subject and class teachers about indi-

vidual student characteristics by addressing CFs in the

student information category. As shown in this example,

CFs and FFs are closely intertwined and they present key

clues to defining initial design guidelines for teacher tools

Table 5 Conflicting Factors

Category Definition

1. Student information Difficult to identify differences in individual students

due to large class size.

Parents report that there are not many chances to get

information on their children from the school.

Different perspectives on students between class and

subject teachers or between parents and class

teachers.

2. Education policy

and systems

Too much emphasis on student achievements rather

than affective aspects by administrators and

parents.

Too much administrative work for teachers.

Too much emphasis on the national assessment of

educational progress.

Too much emphasis on quantitative aspects rather

than qualitative aspects in education.

3. Tools and resources Bad perception of new technology in education by

experienced and novice teachers.

Consistency: Teachers have to register and install

new applications and waste time.

Security problems.

Dissatisfaction with the current ICT tools, such as

NEIS.

Burden of new tasks caused by new tools.

Lack of specific strategies and teaching materials,

manuals, and professional development.

Lack of time.

4. Communication

(interaction)

Teachers worried about parent reactions when class

teachers talk about negative behaviors exhibited by

their children.

Subject teachers worried about reactions of class

teachers when they get their students’ negative

information.

Parents feel the burden of interacting with class

teachers, so they tend not to contact teachers

frequently.

Teachers are also burdened with contacting parents

and providing student information on a regular

basis.

Parents worry about the impact on their children of

negative interactions with their teachers.

There are not many opportunities for interaction

between teachers and parents.

5. Students with

special needs

Students with special needs in inclusive classes

disturb other students, and class teachers have

difficulty controlling them.

In spite of differences in student characteristics,

management plans for inclusive classes are the

same.

In spite of individualized education plans for students

with special needs, they are too superficial to be

useful.

Teachers’ attitudes toward students with special

needs can exacerbate their negative behaviors.

Administrators designated class teachers without

considering their attitude to students with special

needs.

Teachers are not accustomed to utilizing assistive

technology.

It is not practical to implement an inclusive class.

There are delicate issues in the division of labor

between special needs and class teachers.
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to promote DI practice, coinciding some of the design

guidelines elicited from currently utilized tools (Cha 2013).

Design guidelines for a teachers’ tool to promote DI

Provide mediating tools (options) to facilitate student

information management to identify student characteristics

and needs at an early stage

An analysis of students’ characteristics and needs should be

conducted at an early stage to differentiate classroom

instructions as indicated by previous studies. Student

information management plays an essential part in DI

practice, as it is both a conflicting and FF in the analysis of

AS about DI practice. Thus, teachers need an application or

tool which will facilitate student information management.

Having a tool that would allow teachers to record student

information and update it frequently when they identify the

individual needs of their students might be a more effective

way to prepare lesson plans customized to individual stu-

dents. Such a tool could help school community members

share student information and establish a common under-

standing of students’ strengths and weaknesses. If the tool

is implemented by smart technology, community members

including teachers can easily obtain the information any-

time and anywhere through any media (KERIS 2011;

Johnson, Levine, Smith and Smythe 2009). Furthermore,

the student’s data can be automatically updated and revised

through ongoing practices (Cha and Ahn 2011).

By applying the student’s data from such tools into UDL

principles, student information can be organized according

to three different networks: cognitive, strategic, and

affective (Rose and Meyer 2002). The class profile maker

from PAL (planning for all learners) UDL toolkits CAST

provides a practical process to summarize the student’s

strengths and weakness according to UDL principles. This

analysis of student’s characteristics can be a basis to find

most proper teaching strategies to differentiate instructions

in their class (CAST n.d.).

Provide mediating tools (options) to find different teaching

strategies and resources to support diverse needs

Most importantly, teachers have to plan prescriptive

teaching strategies and resources customized to students’

information (Gordon 2007; Gregory and Chapman 2007).

As described in the CFs, one of the reasons why DI cannot

be put into practice is lack of knowledge and teaching

materials. Teacher tools should be designed to play a

mediating role between teachers and their practice, using

teaching strategies and resources in a more convenient and

effective way to promote DI activities. More effective use

of student information provides more opportunities for

teachers to plan customized instruction for individual stu-

dents. For instance, in a commonly utilized teaching

strategy, seat arrangement and group allocation can be

supported through a tool in a more efficient and straight-

forward way in order for teachers to voluntarily adopt

classroom activities. UDL principles also provide guide-

lines to practice DI in real contexts (CAST 2011). In

addition to UDL principles, CAST provides various

examples of lessons, activities, strategies, and templates to

share teaching strategies and resources for DI practice

(CAST n.d.).

If the tool is implemented by smart technology, it might

provide the most proper teaching strategies and resources

intelligently based on student’s information through Web

3.0 and sematic Web (Borland 2007). From a knowledge

sharing perspective, through Web 2.0, strategies that other

teachers customized to similar cases could be shared

(KERIS 2011).

Provide communication options to foster interaction

and sharing of student information among community

members

Many communication difficulties among school commu-

nity members were observed. However, if these issues were

addressed and communications between them more effec-

tively supported, it could contribute to more active DI

practice in the classroom as shown from the qualitative

analysis. Interactions between class and subject teachers

and between class and special needs teachers are essential

methods for teachers to more accurately identify their

students’ characteristics and to reflect their students’ needs

into instructional strategies. Moreover, there were some

interaction problems between class and subject teachers.

Thus, the tool should be designed to play a mediating role

in fostering interactions among them. Current smartphone

technologies such as messenger, SMS, and alarms can

support communication in more active and accurate ways

(Goodall and Vorhaus 2010). Such a system could intelli-

gently connect teachers to community members in terms of

student information. In particular, the analysis data sug-

gested that parents rarely have an opportunity to receive

their children’s information and feel burdened by having to

have direct conversations with teachers. Teachers also

reported difficulties in offering negative information about

their students to parents. To cope with these issues, a tool

could be designed to foster indirect interactions among

community members on the basis of evidence-based

information. However, the most crucial aspect in the fea-

ture of indirect interactions is to identify the range of the

information disclosed among members.
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As discussed in the interview, some parents are reluctant

to share their child’s negative information in an official

format. Parents agreed that positive student’s data might be

good to share, but they though that negative comments

might influence on the first impression and perception of

students. Therefore, the scope to be allowed to disclose

should be positive aspects first, but the levels and fields in

student’s data, especially negative ones permitted to a

specific member should be determined through iterative

evaluations in a future further DBR study.

Provide options to share knowledge in order to encourage

active participation and encourage collaboration

among teachers

It is very beneficial for teachers to share good instruc-

tional materials and experiences. Teachers tend to put

considerable faith in their colleagues as mentors (Rose

et al. 2006). Knowledge sharing is a FF for DI practice,

and teachers have adopted teaching materials and tips

from community sites. Although teachers reported the

benefits of knowledge sharing and experience with col-

leagues, there are not many teachers who voluntarily

participate in sharing. Therefore, tools that enhance the

participation in knowledge sharing and collaboration in

knowledge construction can serve as a benchmarking

system for teachers to improve DI skills and gain differ-

entiated resources for individual students. Furthermore,

research into how to promote voluntary knowledge shar-

ing between teachers should be undertaken.

CAST has also made efforts to build a place to share

teacher’s knowledge about UDL and DI practice, and

through this place, teachers can be promoted to participate

in collaboration to realize the DI practice (CAST 2011).

These are strategies, activities, lessons, templates, e-books,

and resources which teachers can utilize multiple means of

representation, action and expression, and engagements in

their class.

Provide options for performance evaluations and various

evaluation methods to assess and reflect student progress

Ongoing revision, both in terms of student interests and

needs as well as assessment of achievement, should be

conducted in order to examine student progress and to

provide constant feedback (Cha and Ahn 2011). However,

it is more important to assess student performance,

including knowledge and skills, in authentic tasks in real

contexts rather than traditional paper-based tests (Wren

2009). In fact, UDL theory also suggests that it is more

successful when DI is put into practice with different

evaluation methodologies customized to students’

characteristics (Rose and Meyer 2002). Moreover, if

teachers might provide different options for an individual

student to choose in the evaluation form, it might motivate

students to reveal their academic performance and progress

based on their affective network (Rose and Meyer 2002).

From this perspective, it is vital for teachers to have a

variety of analytical rubrics for performance evaluation and

to have a template to record student performance. Thus, a

performance evaluation tool should be designed in such a

way that student strengths and weaknesses can be accu-

rately recorded and reflected in teaching strategies for DI

and that more options in assessments are suggested.

Limitations and further research

Not all of the identified CFs can be addressed by the design

of an innovative tool. Problems and conflicts in educational

policy and systems require the transformation of the entire

educational culture and environment. In this respect, the

analysis of problems and conflicts in current DI practice in

a Korean primary school context can be utilized not only

for the analysis of users’ needs and for designing a new

tool, but also to review which aspects of the educational

system and environment should be altered to benefit stu-

dents and DI practice. Thus, this study may present dif-

ferent avenues for research that can address further

challenges.

The methodology of using AT as an analytical lens has

been criticized, as leading to oversimplified and general-

ized outcomes in complicated research areas (Choi and

Kang 2010). This study also presented generalized design

guidelines for teachers’ tools to promote DI practice. Thus,

it will be necessary to further measure and evaluate the

feasibility and effectiveness of these design guidelines in

real-life implementations and contexts through a further

DBR study. The limitation on the number of participants

should be also addressed by iteratively evaluating tools in

real contexts which will be designed to apply such design

guidelines as the further step of the DBR study (Barab and

Squire 2004).

Conclusion

This study established initial design guidelines for a new

teacher tool that will facilitate DI practice by applying

AT. To achieve this objective, interviews with teachers

and community members were conducted and the inter-

view data were analyzed in terms of three aspects:

activity system for DI practice, FFs, and CFs in the

practice of DI. The results showed that activity system
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helped to understand DI practice in the Korean primary

school environment. The FFs provided insight into how

best to promote DI practice among teachers. Barriers

faced by Korean primary teachers in DI practice were

also revealed. Based on the analysis, design guidelines for

a smart-tool teacher application were suggested, present-

ing a systematic solution where CFs could be addressed

and FFs could be promoted.

An analysis of users’ needs has a number of practical

implications for DI that could not be gained from theory

alone. The activity system analysis pinpointed obstacles

faced by teachers in the DI practice in current teaching

environments. These obstacles were related to workloads,

educational systems and policies, and the inefficiency of

tasks both directly and indirectly related to DI. There-

fore, comprehensive efforts surrounding the transforma-

tion of educational environments should be made in

order to facilitate DI. Toward this goal, the present study

suggests design guidelines for the development of inno-

vative teacher tools that will support DI for classroom

teachers. In addition, the culture of practicing DI in the

classroom can provide students with a less distracting

classroom atmosphere. Such small changes can make

students’ attitudes more positive and promote a better

learning environment.
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