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Abstract: Through initiatives like Assessment and Teaching of 21st Century Skills (ATC21S )
Intel® has been collaborating with governments and policy-makers to create new national
standards and national assessments. But Intel’s professional development programs help teachers
use assessment for learning as part of a 21* century learning environment. In this paper, we
highlight the research on six assessment strategies that should be part of a 21* century learning
environment and encourage ministries to consider how these strategies may play a role in their own
reform efforts: 1) Rubrics, 2) Performance-based assessments (PBAs), 3) Portfolios, 4) Student
self-assessment, 5) Peer-assessment, 6) Student response systems (SRS).

Introduction

Today, educational systems across the globe are undergoing efforts to move beyond the ways they operated at the
beginning of the 20th century, with traditional instructional practices that commonly ask students to work
individually on exams that require them to recall facts or respond to pre-formulated problems within the narrow
boundaries of individual school subjects. Reforms currently underway reframe what is taught, how it is learned, and
how it is being evaluated in innovative ways that help personalize learning. Assessments that support learning must
explicitly communicate the nature of expected learning. Research, in fact, shows the powerful effect that on-going
assessment embedded into the learning process has on student learning, particularly for low ability students (Black
& Wiliam, 1998). Creating such a system of personalized learning requires new forms of formative and summative
student performance assessments that enable individual students to stretch onward from wherever they are in a
learning continuum.

For over a decade, Intel® Corporation has been involved in a number of global initiatives such as Assessment and
Teaching of 21st Century Skills (ATC21S) that support developing new national assessment strategies and new
benchmarking tests. Through its partnerships with ministries of education, Intel Teach’s teacher professional
development programs have helped millions of teachers in developing countries integrate these innovative
assessment strategies, as well as technology, into their classroom practice (EDC & SRI International, 2008; Light,
Polin, & Strother, 2009). While these strategies support new assessments of learning, all of the Intel Teach
professional development programs also use a variety of assessment for learning approaches. Assessment for
learning is the idea that classroom assessments should support ongoing teaching and learning (Assessment Reform
Group, 2002; Heritage, 2010), thus highlighting the vital role that teacher-made classroom-based formative and
process-focused assessments could play in improving the entire education system. Intel’s Getting Started course,
teachers learn the technical skills to design rubrics and the Essentials course teaches teachers how to use rubrics to
assess student products and encourages performance-based assessments. The Teaching Thinking with Technology
and the Essentials V10 courses stress formative assessments for 21* century skills. The online Elements courses
include one entirely devoted to assessing 21* century learning. Intel also offers a free online rubric maker.
Additionally, courses like Getting Started and Essentials model good assessment practices when they have teachers
assess and provide feedback on their work or when the courses ask teachers to reflect on their own learning in the
course. But, these programs alone are probably not sufficient and local agencies and ministries may need to do more
to support the needed shifts in classroom assessment strategies.
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In its work collaborating with governments, policy-makers, and local agencies around the world, Intel has always
maintained that education reform is a systemic process in which stakeholders need to consider how policy changes
in one area affect other areas. Yet, one of the biggest challenges for ministries of education engaged in school
reform is measuring whether they are having a real impact in the classroom. While, many of these teacher-designed
assessment strategies are increasingly common in the classrooms of developing countries, they are still rarely used
in emerging market countries. To truly improve student learning in emerging market countries it is important to
transform how teachers’ assess their students learning in the classroom. This paper highlights the research on a
number of assessment strategies or tools for classroom-based assessment that can play a key role in creating and
supporting the new 21* century learning environments and encourages ministries to consider how these strategies
may play a role in their own reform efforts.

Classroom-Based Assessments
Fostering 21* Century Learning with Classroom-Based Assessments

Teachers have always evaluated student knowledge through recall test, or by asking content questions during a
lecture, but researchers and practitioners are beginning to understood that a different type of teacher developed
assessments can play an important role in supporting learning (Black & Wiliam, 1998; W. J. Popham, 2008b) and in
helping to transform teaching practice. In fact, incorporating 21* century teaching practices should start with
updating teachers’ arsenal of assessment strategies that they use in the classroom to support their teaching (Jacobs,
2010). In a seminal review of the literature on how people learn, the National Research Council asserts that
“appropriately designed assessments can help teachers realize the need to rethink their teaching practices” (2000, p.
141).

The research around classroom assessments suggests that the tools and strategies we wish to discuss share three
important traits that in different degrees: high quality teacher-designed assessments provide insight on what and how
students are learning in time for teachers to modify or personalize instruction; they allow teachers to assess a
broader range of skills and abilities in addition to content recall; and these assessments give students new roles in the
assessment process that can make assessment itself a learning experience and deepen student engagement in content.

1) Provide Insight on Student Learning so Teachers Can Modify Instruction: Because many of these assessment
tools and strategies are formative in nature, the information garnered from their implementation can be used to
immediately inform teachers’ instructional decisions. For example, information garnered from portfolios can help
teachers evaluate the effectiveness of their own instruction while helping them make informed decisions about
future lessons. The implementation of portfolio assessments stimulates student self-reflection providing valuable
feedback to both students and teachers, which in turn can be used to inform the teaching and learning processes.
When employing the peer assessment strategy, if students and teachers assess a student differently it can open up
productive dialogue to discuss student learning needs and goal creation (J. Ross, 2006). The teacher can then use
that information to structure the following lesson around the needs and goals of those students. Whether taking a pre
and post survey poll or asking multiple-choice questions to reveal student’s subtle misunderstandings and
misconceptions, a Student Response System (SRS) allows teachers to take a quick snapshot of where his or her
teachers are on a learning continuum and devise the appropriate strategies to take them to the next level. As teachers
become more aware of their students’ interests, needs, strengths and weaknesses, they are better positioned to
modify their instructional strategies and content focus to help maximize student learning.

2) Assess Broader Range of Skills and Abilities: Traditional forms of assessment like multiple-choice, fill in the
blank, and true/false, privilege memorization and recall skills that demand only a low level of cognitive effort
(Dikli, 2003; Shepard, et al., 1995). The assessment tools and strategies outlined in this paper provide more robust
means to measure higher order thinking skills and complex problem solving abilities (Palm, 2008). Strategies such
as performance bases assessment (PBA) and portfolios, take into account multiple measures of achievement, and
rely on multiple sources of evidence, moving beyond the standardized examinations most commonly used for school
accountability (Shepard, et al., 1995; Wood, Darling-Hammond, Neill, & Roschewski, 2007). Self-and peer-
assessment both teach and assess a broader range of life skills like self-reflection, collaboration, and communication.
As a tool to measure student learning, rubrics allow teachers to measure multiple dimensions of learning rather than
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just content knowledge, and to provide a more detailed assessment of each student’s abilities instead of just a
number or percent correct.

3) Give Students New Roles in the Assessment Process that Make Assessment a Learning Experience: In contrast to
the traditional teacher-designed, teacher-administered, teacher-graded tests, this cadre of assessments involves
students throughout the assessing process. Involving students in the creation of assessment criteria, the diagnosis of
their strengths and weaknesses, and the monitoring of their own learning, transfers the locus of instruction from the
teacher to his or her students (Nunes, 2004). For example, the most successful rubrics involve students in the
creation of the evaluation criteria. This creates buy-in, increases engagement, and fosters a deeper commitment to
the learning process. In the assembly of a portfolio, students not only get to decide which work is graded, they have
the opportunity reflect up and evaluate the quality of those submissions. This type of involvement fosters meta-
cognition, active participation, and ultimately puts students at the center of the learning process (McMillan & Hearn,
2008). During peer-assessment students are asked to be the actual evaluator offering feedback and suggestions on
how to improve their classmates’ work. When created collaboratively, many of these assessments enable teachers
and students to interact in a way that blurs the roles in the teaching and learning process (Barootchi & Keshavarz,
2002). When students are part of the assessment process they are more likely to “take charge” of their own learning
process and products and will be more likely to want to make improvements on future work (Sweet, 1993).

Six Effective Assessment Strategies

The following sections describe six assessment tools and strategies shown to impact teaching and learning as well as
help teachers foster a 21* century learning environment in their classrooms: 1) Rubrics, 2) Performance-based
assessments (PBAs), 3) Portfolios, 4) Student self-assessment, 5) Peer-assessment, 6) Student response systems
(SRS). Although the list does not include all innovative assessment strategies, it includes what we think are the most
common strategies, and ones that may be particularly relevant to the educational context of developing countries.
Many of the assessment strategies currently in use fit under one ore more of the categories discussed. Furthermore, it
is important to note that these strategies also overlap in a variety of ways.

Rubrics

Rubrics are both a tool to measure students’ knowledge and ability as well as an assessment strategy. A rubric
allows teachers to measure certain skills and abilities not measurable by standardized testing systems that assess
discrete knowledge at a fixed moment in time (Reeves & Stanford, 2009). This section discusses the research on
rubrics, but because rubrics are frequently used as part of other assessment strategies (portfolios, performances,
projects, peer-review and self-assessment), they will be discussed in those sections as well.

Unlike a standard checklist used to assess performance, a rubric is a set of criteria that articulates expectations and
describes degrees of quality along a continuum (H. L. Andrade, Ying, & Xiaolei, 2008; Rezaei & Lovorn, 2010;
Wiggins & McTighe, 2005). The rubric is not only utilized in conjunction with summative assessments; it is a tool
that can enhance the entire learning process from start to finish by serving a number of purposes including
communicating expectations for an assignment, providing focused feedback on a project still in process.
Additionally, they encourage self-monitoring and self-assessment and give structure for a final grade on an end
product (H. L. Andrade, et al., 2008; Lee & Lee, 2009; National Research Council, 2002).

Rubrics are considered “inclusive assessment tools” that can be used as class-wide assessment tools to help students
at all levels make meaningful progress towards curricular goals (Lee & Lee, 2009). Andrade, et. al. (2010), in their
research around assessment and middle school writing, found that students who are involved in three major
components of rubric assessment (reading an exemplary sample, generating criteria, and using a rubric to self-
assess) can actually produce more effective writing. In addition, students with access to the evaluation criteria for a
project had higher quality discussions and better group products than their peers who did not know the grading
criteria in advance (H. Andrade, Buff, Terry, Erano, & Paolino, 2009). Skillings (2000), in her two years observing
an elementary school classroom noted that “both lower and higher achieving students were able to be successful in
showing their knowledge” when they were assessed with a rubric (p. 454). Similarly, the awareness of lesson
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objectives and the encouragement of self-monitoring associated with the use of rubrics increase engagement levels
and help students with disabilities learn more successfully in an inclusive classroom (Lee and Lee, 2009).

One of the major strengths of the rubric as an assessment method is that it functions as a teaching as well as an
evaluative tool (H. L. Andrade, et al., 2008; J. W. Popham, 1997). The development of high quality evaluation
criteria is essential to the effectiveness of a rubric as both an instructional and assessment tool (Wiggins & McTighe,
2005). Popham (2008a) suggests that in fact, the evaluative criteria “should be the most instructionally relevant
component of the rubric. They should guide the teacher in designing lessons because it is the students’ mastery of
the evaluative criteria that ultimately will lead to skill mastery” (p. 73). In order to ensure the rubric criteria is
rigorous and accurate, Wiggins and McTighe suggest designing and refining rubrics based on actual student work
that has been collected, sorted and rated.

Collaborative rubric development can also promote cooperation between teachers and students as they work together
to build and utilize the tool (Lee & Lee, 2009). As a result, students are more comfortable because they feel some
ownership in the process, recognize that their opinion is valued and are more successful because they know what is
expected of them (Lundenberg, 1997; Reeves & Stanford, 2009). Inviting students to participate in the generation of
rubric criteria not only pushes students to think more deeply about their learning it helps foster a sense of
responsibility for their own learning process and develop critical thinking skills that can be transferred to other
learning situations (Andrade et. al., 2008; Lee and Lee, 2009; Skillings and Ferrell, 2000; National Research
Council, 2002). Wiggins and McTighe (2005) in fact emphasize that the ultimate test of student knowledge is their
ability to transfer what they know to a variety of contexts. Metacognition can also lead to more self-directed learning
through self-monitoring and self-assessment (Lee and Lee, 2009).

Performance-based Assessments

Performance-based assessments (PBA), also known as project-based or authentic assessments, are generally used as
a summative evaluation strategy to capture not only what students know about a topic, but if they have the skills to
apply that knowledge in a “real-world” situation. By asking them to create an end product, PBA pushes students to
synthesize their knowledge and apply their skills to a potentially unfamiliar set of circumstances that is likely to
occur beyond the confines of a controlled classroom setting (Palm, 2008). Some examples of PBA include designing
and constructing a model, developing, conducting and reporting on a survey, carrying out a science experiment,
writing a letter to the editor of a newspaper, creating and testing a computer program, and outlining, researching and
writing an in-depth report (Darling-Hammond & Pecheone, 2009; Wren, 2009). Regardless of the type of
performance, the common denominator across all PBAs is that students are asked to perform an authentic task that
simulates a real life experience and mimics real world challenges (Wiggins & McTighe, 2005; Shepard, 1995).

Performance-based assessments have been used in many countries for decades and offer many advantages not
afforded by standardized paper and pencil multiple-choice exams. Wiggins and McTighe (2005) assert that in fact,
“authentic assessments are meant to do more than “test”: they should teach students (and teachers) what the “doing”
of a subject looks like and what kinds of performance challenges are actually considered most important in a field or
profession” (p. 337). PBA, coupled with an well-designed measurement tool such as a scoring rubric, can provide
the how and the why a student might be struggling, versus just the whar of standardized tests; as a result, PBA can
actually help teachers figure out how their students best learn (Falk, Ort, & Moirs, 2007; Shepard, 2009). PBA, used
as a formative assessment, also provides more timely feedback than large-scale standardized tests. Standardized tests
can take a number of months to produce results, but PBA allows teachers to make meaningful adjustments while
they are still teaching their current students (Darling-Hammond & Pecheone, 2009; Wood, et al., 2007).

Additional benefits of PBA are that they are inherently more student-centered and are better at assessing higher
order thinking and other 21* century skills (Wood, et al., 2007; Wren, 2009). In a yearlong study of 13 third grade
teachers in Maryland, Shepard and her team (1995) noted “small but real gains” in students’ ability to explain
mathematical patterns and tables; a skill previously exhibited by only the most adept students (p. 27). Not
surprisingly, PBA helps students to be more engaged and invested in their learning (Wood et. al., 2007; Wiggins &
McTighe, 2005). PBA also allows for differentiation of assessment so that all students have space to demonstrate
understanding including special education and ELL students (Darling-Hammond, 2009).
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In addition to impacts on student outcomes, research has shown that the implementation of performance-based
assessment strategies can also impact other instructional strategies in the classroom. Though it can be challenging to
change general teaching paradigms, a small study of teachers in the US found that “under some circumstances,
performance-based assessment can change specific behaviors and procedures in the classroom” (Firestone,
Mayrowetz, & Fairman, 1998, p. 11).

Portfolio Assessment

Portfolios are a collection of student work gathered over time that is primarily used as a summative evaluation
method. The most salient characteristic of the portfolio assessment is that rather than being a snapshot of a student’s
knowledge at one point in time (like a single standardized test), it highlights student effort, development, and
achievement over a period of time; portfolios measure a student’s ability to apply knowledge rather than simply
regurgitate it. They are considered both student-centered and authentic assessments of learning (Anderson &
Bachor, 1998; Barootchi & Keshavarz, 2002). Portfolios are one of the most flexible forms of assessment because
they can be effectively adapted across subject areas, grade levels and administrative contexts (i.e. to report
individual student progress, to compare achievement across classroom or schools and to increase parent involvement
in student learning) (Sweet, 1993; National Research Council, 2002). The content included in the portfolio, along
with who chooses what to include, vary by the teacher and the learning goals associated with the portfolio. Some
portfolios only include final products, while other portfolios will incorporate drafts and other process documents.
Some will contain items chosen exclusively by the teacher, while others will fold in input from the student, their
peers, administrators and even parents.

One of the strengths of the portfolio as an assessment tool is that it can be smoothly integrated into classroom
instruction (as opposed to be an add-on style of the standardized summative test). The portfolio acts as a repository
for work assigned and completed throughout the year. It does not necessitate additional tests or writing assignments.
The additional inputs required (i.e. student reflection (written or spoken), student-teacher collaboration, rubric
creation and implementation) aid rather than distract from the teaching and learning process. Barootchi and
Keshavarz highlight that the student portfolio is an assessment that is “truly congruent with instruction” because of
its ability to simultaneously teach and test (p. 286). In fact, when implemented effectively, portfolios can
supplement rather then take time away from instruction (Sweet, 1993; National Research Council, 2002).

When the portfolio is well integrated into a teacher’s instructional practices, it can function as a strategy to increase
student learning across a variety of subject areas. Studies in Iran and in Turkey showed increased student
achievement in English as a foreign language (Barootchi & Keshavarz, 2002), science (Cakan, Mihladiz, &
Gogmen-Taskin, 2010), and writing and drawing (Tezci & Dikici, 2000).

All high quality portfolios involve students at some point in the process. In fact, the selection process can be hugely
instructive and impactful for students as they are asked to collect, select and reflect upon what they want to include
in their portfolio (Sweet, 1993). Portfolios foster self-reflection and awareness among students as they are often
asked to review previous assignments and projects and assess strengths and weaknesses of both their processes as
well as their final products (Sweet, 1993). Barootchi and Keshavarz (2002) also emphasize the role that portfolios
can have in helping students to become more independent learners (p. 281). When well integrated, portfolios can
also foster collaboration both among students and their peers as well as between students and their teacher (Tezci &
Dikici, 2006). Students’ critiques and evaluations of classmate’s work can even be included as an additional artifact
in the portfolio collection. Nunes (2004) believes that one of the underlying principles of portfolio development is
that “it should be dialogic and facilitate ongoing interaction between teacher and students” (p. 328).

Technology is playing an increasingly important role enabling teachers to use portfolios. In the past decade
portfolios have moved from paper folders and file cabinets to electronic databases in social networks imbedded
within the online “cloud.” While e-portfolios offer many of the same benefits of conventional portfolios, there are
additional advantages that affect learning, teaching and administration. Chang (2009) describes the e-portfolio as an
“abundant online museum” connoting an ease of storage, a creativity of presentation, and the facilitation of
collaboration (p. 392). Research suggests that e-portfolios can aid in the development of information technology (IT)
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skills, but also increase learning in low-motivation students (Chang, 2009). Online portfolios also allow for real-time
information collection, collaboration and editing with fewer physical resources required. Finally, students are
pushed to consider a wider audience when they put their products online (Diehm, 2004). They also eliminate the
space limitations normally associated with paper portfolios.

Self-assessment

While the previous assessment tools and strategies listed in this report generally function as summative approaches,
self-assessment is generally viewed as a formative strategy, rather than one used to determine a student’s final grade.
Its main purpose is for students to identify their own strengths and weakness and to work to make improvements to
meet specific criteria (H. Andrade & Valtcheva, 2009). According to McMillan and Hearn (2008) “self-assessment
occurs when students judge their own work to improve performance as they identify discrepancies between current
and desired performance” (p. 1). In this way, self-assessment aligns well with standards-based education because it
provides clear targets and specific criteria against which students or teachers can measure learning.

Self-assessment is used to promote self-regulation, to help students reflect on their progress and to inform revisions
and improvements on a project or paper (Andrade and Valtcheva, 2009). Ross (2006) argues that in order for self-
assessment to be truly effective four conditions must be in place: the self-assessment criteria is negotiated between
teachers and students, students are taught how to apply the criteria, students receive feedback on their self-
assessments and teachers help students use assessment data to develop an action plan (p. 5).

A number of studies point to the positive effects self-assessment can have on achievement, motivation, self-
perception, communication, and behavior (H. Andrade & Valtcheva, 2009; Klenowski, 1995; McMillan & Hearn,
2008). McDonald and Boud (2003) report that high school students who were trained in self-assessment not only felt
better prepared for their external examinations, they actually outperformed their peers who had not received the
training. Similarly, students across grade levels and subject areas including narrative writing, mathematics and
geography outperformed their peers in the control group who had not received self-assessment training (Ross, 2006).
Andrade and Valtcheva (2009) in their literature reviews cite numerous studies that found a positive relationship
between the use of self-assessments and the quality of writing, depth of communication skills, level of engagement
and degree of learner autonomy. Finally, self-assessment is also a lifelong learning skill that is essential outside of
the confines of the school or classroom (McDonald and Boud, 2003).

An additional strength of self-assessment as a formative assessment tool is that it allows every student to get
feedback on his or her work. Few classrooms allow teachers the luxury of regularly responding to each individual
student, so when students are trained in self-assessment it makes them less reliant on teachers to advance their
learning (Andrade and Valtcheva, 2009). While the focus is self~evaluation, the process can also be enhanced
through peer and teacher based assessments that offer alternative interpretation and additional evidence to support a
student’s understanding of their own learning (Andrade and Valtecheva, 2009).

A number of channels can be used to aid students in their self-assessment including journals, checklists, rubrics,
questionnaires, interviews and student-teacher conferences. As with the previous assessment strategies, the rubric is
often the most effective tool to help monitor and measure student self-assessment, though Andrade and Valtcheva
(2009) warn that simply handing one out to students before an activity does not guarantee any learning gains
because students need to deeply understand and value the criteria. As the rubric section of this paper points out,
students can benefit deeply from being involved in the process of developing evaluation criteria and benchmark
targets (Ross, 2006). In addition to involving students in the process, the assessment criteria needs to be
appropriately challenging in order for the evaluation to be meaningful (McMillan and Hearn, 2008).

Ross (2006) also notes the importance of creating a classroom climate in which students feel comfortable assessing
themselves publicly. He urges teachers to focus students’ attention on learning goals (with a focus on learning ideas)
rather than performance goals (that tend to focus on outdoing one’s peers).

Peer Assessment
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Peer assessment, much like self-assessment, is a formative assessment strategy that gives students a key role in
evaluating learning (Topping, 2005). Peer assessment approaches can vary greatly but, essentially, it is a process for
learners to consider and give feedback to other learners about the quality or value of their work (Topping, 2009).
Peer assessments can be used for variety of products like papers, presentations, projects, or other skilled behaviors.
Peer assessment is understood as more than only a grading procedure and is also envisioned as teaching strategy
since engaging in the process develops both the assessor and assessee’s skills and knowledge (Li, Liu, &
Steckelberg, 2010; Orsmond & Merry, 1996). Feedback that students are asked to provide can confirm existing
information, identify or correct errors, provide feedback on process, problem solutions or clarity of communication
(Butler & Winne, 1995).

The primary goal for using peer assessment is to provide feedback to learners. This strategy may be particularly
relevant in classrooms with many students per teacher since student time will always be more plentiful than teacher
time. Although any single student’s feedback may not be as rich or in-depth as a teacher’s feedback, the research
suggests that peer assessment can improve learning. The research base has found peer assessment strategies to be
effective in different content areas from language arts (Karegianes, Pascarella, & Pflaum, 1980; McLeod, Brown,
McDaniels, & Sledge, 2009), to mathematics (Bangert, 2003; Jurow, Hall, & Ma, 2008) and science (Peters, 2008).
Peer assessment has even proven beneficial for students as young as six years old (Jasmine & Weiner, 2007). There
is research on peer assessment from the North America and Europe (Sluijsmans, Dochy, & Moerkerke, 1999;
Topping, 2005), and there are a few research studies from Asian countries (Bryant & Carless, 2010; Carless, 2005).

Peer assessment is associated with performance gains and cognitive gains for students who receive feedback and for
students as they give feedback. The research suggests that, when done properly, peer assessment strategies can
improve the quality of learning to a degree equivalent to gains from teacher assessment (Topping, 2009). Giving and
receiving feedback impacts meta-cognitive abilities like self-regulation (Bangert, 2003; Butler & Winne, 1995)
influencing time on task and engagement in learning and improving learning outcomes. Asking students to provide
feedback to others can also improve their own work as they internalize standards of excellence (Li, et al., 2010).

When used in conjunction with collaborative learning peer assessment can also improve interpersonal skills like
group work, consensus building, or seeking and providing help (Brown, Topping, Henington, & Skinner, 1999; J. A.
Ross, 1995). In collaborative peer assessment techniques, students could work in groups to review work, entire class
might evaluate student presentations or students can even be asked to assess their own groups’ work.

Peer assessment is usually used in conjunction with other types of teacher assessment so that the peer assessment is
seldom the only evaluation provided. For example, peer editing maybe done on a draft report but the teacher
evaluates the final draft or peers may provide part of the score on a student’s performance but the rest of the score
comes from the teachers’ assessment.

Peers are generally defined as students of equal status in that they are in a similar grade and similar levels of
proficiency with content, although there is often flexibility and slightly older students may assess younger students,
or a student moving more quickly through the material may be asked to assess a less advanced students. Topping
(2005) contends that peer assessment works best when students are asked to provide formative and qualitative
feedback rather than merely grading or giving a score to peers since this often makes students uncomfortable.

Student Response Systems

Student response system (SRS), also known as classroom response system (CRS), audience response system (ARS)
or colloquially as “clickers,” is a general term that refers to a variety of technology-based formative assessment tools
that can be used to gather student-level data instantly in the classroom. Through the combination of hardware (hand
held clickers, receiver, PC, internet connection, projector and screen) and software, teachers can ask students a wide
range of questions (both closed and open-ended), students can respond quickly and anonymously, and the teacher
can display the data immediately and graphically. The value of SRS comes from teachers analyzing information
quickly and then devising real-time pedagogical solutions to maximize student learning (Beatty & Gerace, 2009;
Bruff; Caldwell, 2007). As with most teaching tools (including the rubric), an SRS is only as effective as the
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pedagogy it is couched in (Beatty & Gerace, 2009; Rochelle, Penuel, & Abrahamson, 2004). As a result, this section
discusses not only the tool but also the questioning strategies at the heart of its implementation.

At its core, SRS allows for the generation of data that can guide the ongoing modification of pedagogy and content
coverage to better differentiate teaching strategies to meet all students’ needs (Bruff; Caldwell, 2007; Salend, 2009).
What makes SRS distinct from other assessment tools is its ability to collect and display data instantly rather than
waiting days to present the outcome as with a test, essay or project. SRS has been found to be effective across grade
levels and in a variety of subject areas (Beatty & Gerace, 2009; Bruff, 2007; Caldwell, 2007; Rochelle, et al., 2004).

The effectiveness of the SRS tool is closely linked to the type, quality, quantity, speed and sequence of the questions
being asked (Bruff, 2007; Beatty & Gerace, 2009; Caldwell, 2007). SRS technology can be used to pose a variety of
types of questions including recall questions, conceptual understanding questions, application questions, critical
thinking questions, student perspective questions, confidence level questions, monitoring questions, and classroom
experiment questions (Bruff). Depending on the learning goal for the lesson, a teacher can ask questions to help
gauge understanding, foster discussion, elicit feedback or give student voice in what they are studying. An instructor
may also choose from a number of questioning sequences including easy-hard-hard (a “warm-up” question followed
by two more challenging questions meant to elicit student discussion and test transferability across contexts) or rapid
fire (a series of moderately difficult questions around one concept). Some general examples of effective SRS
questions include: given a graph, match it with the best description or interpretation; match the method of analysis
with a particular data set; sort ideas or steps into the correct order; or apply a familiar idea to a new context.

One strand of questioning strategies that is highly effective at integrating SRS is a series of questions designed to
promote peer learning. Peer learning is an active learning method where students spend time collaborating and
discussing issues in small groups (Caldwell, 2007). To foster peer learning, SRS can be used to pose a question that
a teacher knows students will have varying opinions on. Peer learning has been proven an effective teaching method
that increases student engagement, improves learning outcomes, promotes the circulation of knowledge between
students, fosters metacognitive learning, and provides feedback to the instructor (Beatty & Gerace, 2009).

Practitioners and researchers report many other benefits to the use of SRS in the classroom. The research suggests
that when integrated effectively into instruction SRS can 1) improve engagement, 2) provoke critical thinking; 3)
give students voice in classroom decisions, 4) improve classroom discussion, 5) increase attendance and retention,
and finally, 6) increase enjoyment of class (Caldwell, 2007; Bruff; Salend, 2009; Beatty & Gerace, 2009; Johnson &
McLeod, 2004). Though small studies show that SRS has been effective at increasing achievement levels among
special populations like students with learning disabilities, on a larger scale, researchers have difficulty making a
causal link between the tool and academic outcomes (Jerome & Barbetta, 2005; Caldwell, 2007; Roschelle et. al.,
2004). In additional to enhancing instructional strategies, SRS can be used as an effective classroom management
tool to help monitor participation (Rochelle et. al., 2004), manage a large classroom (Caldwell, 2007; Beatty and
Gerace, 2009), practice and review for tests (Beatty and Gerace, 2009), and facilitate homework collection (Bruff).

Conclusion

More and more, discussions concerning education reform are paying increasing attention on the role that classroom
based assessment strategies play in fostering student centered teaching practices. Together, all of the research cited
here strongly suggests that these assessment tools and strategies can positively impact a number of key areas that we
know are important aspects of education reform: student/teacher relationships, teacher’s ability to personalize
instruction, acquisition of 21* century skills, student engagement and student metacognition. These practices are
becoming more common in developed countries, but there is still little research on how to adapt these approaches to
the school contexts of many emerging market countries.

It is important to note that with access to professional development resources, teachers and administrators can
become proficient with assessment for learning approaches without returning to the university for continuing
education courses. Many teachers who have participated in Intel teacher professional development program are
beginning to use assessment for learning strategies and this has offered us a chance to see these new assessment
strategies in action (Ledn Sdenz, Castro, & Light, 2008; Light, et al., 2009). With support from the ministries of
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education, the Intel education portfolio of professional development course is available online and face-to-face
courses are available in over 30 countries. But there is still more work to be done for local governments, ministries,
and NGOs both in researching and adapting these strategies to developing country contexts and to developing
programs to promote their use in classrooms.

References

Anderson, J. O., & Bachor, D. G. (1998). A Canadian Perspective on Portfolio Use in Student Assessment.
Assessment in Education: Principles, Policy & Practice, 5(3),353-379.

Andrade, H., Buff, C., Terry, J., Erano, M., & Paolino, S. (2009). Assessment-Driven Improvements in Middle
School Students' Writing. Middle School Journal, 40(4),4-12.

Andrade, H., & Valtcheva, A. (2009). Promoting Learning and Achievement through Self-Assessment. Theory Into
Practice, 48(1), 12-19.

Andrade, H. L., Ying, D., & Xiaolei, W. (2008). Putting Rubrics to the Test: The Effect of a Model, Criteria
Generation, and Rubric-Referenced Self-Assessment on Elementary School Students' Writing. Educational
Measurement: Issues & Practice, 27(2), 3-13.

Assessment Reform Group. (2002). Assessment for Learning: 10 Principals. London: British Educational Research
Association (BERA).

Bangert, A. W. (2003). An Exploratory Study if the Effects of Peer Assessment Activities on Student Motivational
Variables that Impact Learning. Journal of Student Centered Learning, In2, 69-76.

Barootchi, N., & Keshavarz, M. H. (2002). Assessment of achievement through portfolios and teacher-made tests.
Educational Researcher, 44(3),279-288.

Beatty, I. D., & Gerace, W.J. (2009). Technology-Enhanced Formative Assessment: A Research-Based Pedagogy
for Teaching Science with Classroom Response Technology. Journal of Science Education and Technology,
18(2), 146-162.

Black, P., & Wiliam, D. (1998). Inside the Black Box: Raising Standards through Classroom Assessment. Phi Delta
Kappan, 80, 1-13.

Brown, C. C., Topping, K. J., Henington, C., & Skinner, C. H. (1999). Peer monitoring of learning behaviour: The
case of 'Checking Chums'. Educational Psychology in Practice, 15(3), 174-182.

Bruff, D. Classroom Response Systems (Clickers). Retrieved from http://cft.vanderbilt.edu/teaching-
guides/technology/clickers/

Bruff, D. (2007). Clickers: A Classroom Innovation. National Education Association Advocate, 25(1), 5-8.

Bryant, D. A., & Carless, D. R. (2010). Peer Assessment in a Test-Dominated Setting: Empowering, Boring or
Facilitating Examination Preparation? Educational Research for Policy and Practice, 9(1), 3-15.

Butler, D. L., & Winne, P. H. (1995). Feedback and Self-Regulated Learning: A Theoretical Synthesis. Review of
Educational Research, 65(3), 245-281.

Cakan, M., Mihladiz, G., & Go¢men-Taskin, B. (2010). How Portfolios Use Affects Students' Learning and Their
Attitudes toward 6th Grade Science Lesson. International Online Journal of Education Sciences, 2(2).

Caldwell, J. E. (2007). Clickers in the Large Classroom: Current Research and Best-Practice Tips. CBE - Life
Sciences Education, 6(1), 9-20.

Carless, D. (2005). Prospects for the Implementation of Assessment for Learning. Assessment in Education
Principles Policy and Practice, 12(1), 39-54.

Chang, C.-C. (2009). Portfolio assessment system for various student motivation levels. Journal of Educational
Computing Research, 41(4),391-405.

Darling-Hammond, L., & Pecheone, R. (2009). Reframing Accountability: Using Performance Assessments to
Focus Learning on Higher-Order Skills. In L. M. Pinkus (Ed.), Meaningful Measurement: The Role of
Assessments in Improving High School Education in the Twenty-First Century. Washington, DC: Alliance for
Excellent Education.

Dikli, S. (2003). Assessment at a distance: Traditional vs. Alternative Assessments. The Turkish Online Journal of
Educational Technology, 2(3).

EDC, & SRI International (Eds.). (2008). A First Look at the Intel® Teach Getting Started Course: Impact on
Teachers’ Knowledge and Skills in Five Countries. New York: EDC/Center for Children and Technology.

Falk, B., Ort, S. W., & Moirs, K. (2007). Keeping the Focuson the Child: Supporting and Reporting on Teaching
and Learning With a Classroom-Based Performance Assessment System. Educational Assessment, 12(1).




Paper presented at Global Learn Asia Pacific 2011, Melbourne Australia

Firestone, W. A., Mayrowetz, D., & Fairman, J. (1998). Performance-Based Assessment and Instructional Change:
The Effects of Testing in Maine and Maryland. Educational Evaluation and Policy Analysis, 20(2), 95-113.

Heritage, M. (2010). Formative Assessment and Next-Generation Assessment Systems: Are We Losing an
Opportunity? Washington, DC: Council of Chief State School Officers.

Jasmine, J., & Weiner, W. (2007). The Effects of Writing Workshop on Abilities of First Grade Students to Become
Confident and Independent Writers. [Article]. Early Childhood Education Journal, 35(2),131-9.

Jurow, A. S., Hall,R., & Ma, J. Y. (2008). Expanding the Disciplinary Expertise of a Middle School Mathematics
Classroom: Re-Contextualizing Student Models in Conversations with Visiting Specialists. Journal of the
Learning Sciences, 17(3), 338-380.

Karegianes, M. L., Pascarella, E. T., & Pflaum, S. W. (1980). The Effects of Peer Editing on the Writing Proficiency
of Low-Achieving Tenth Grade Students. [Article]. Journal of Educational Research, 73(4).

Klenowski, V. (1995). Student self-evaluation processes in student-centred teaching and learning contexts of
Australia and England. Assessment in Education: Principles, Policy & Practice, 2(2).

Lee,E., & Lee, S. (2009). Effects of Instructional Rubrics on Class Engagement Behaviors and the Achievement of
Lesson Objectives by Students with Mild Mental Retardation and Their Typical Peers. Education and Training
in Developmental Disabilities, 44(3), 396-408.

Leo6n Sdenz, A. T., Castro, M., & Light, D. (2008). Costa Rica Case Study Report. New York: EDC.

Li, L., Liu, X., & Steckelberg, A. L. (2010). Assessor or Assessee: How Student Learning Improves by Giving and
Receiving Peer Feedback. British Journal of Educational Technology, 41(3), 525-536.

Light, D., Polin, D. K., & Strother, S. (2009). Emerging Changes in ICT-rich Learning Environments: The role of
the Intel® Teach Essentials Course in Changing Teacher Practice in Three Countries. (pp. 66): EDC.

Lundenberg, R. (1997). Student-Generated Assessment. The Science Teacher, 64(1),50-53.

McDonald, B., & Boud, D. (2003). The Impact of Self-assessment on Achievement: the effects of self-assessment
training on performance in external examinations. Assessment in Education, 10(2),209-220.

McLeod, S. G., Brown, G. C., McDaniels, P. W., & Sledge, L. (2009). Improving Writing with a PAL: Harnessing
the Power of Peer Assisted Learning with the Reader's Assessment Rubrics. International Journal of Teaching
and Learning in Higher Education, 20(3), 488-502.

McMillan, J. H., & Hearn, J. (2008). Student Self-Assessment: The Key to Stronger Student Motivation and Higher
Achievement. Educational Horizons, 87(1), 40-49.

National Research Council. (2002). Scientific Research in Education. Washington DC: NAP.

Nunes, A. (2004). Portfolios in the EFL classroom: disclosing an informed practice. English Language Teachers
Journal, 58(4).

Orsmond, P., & Merry, S. (1996). The importance of marking criteria in the use of peer assessment. [Article].
Assessment & Evaluation in Higher Education, 21(3),239.

Palm, T. (2008). Performance Assessment and Authentic Assessment: A Conceptual Analysis of the Literature.
Practical Assessment, Research & Evaluation, 13(4). Retrieved http://pareonline.net/getvn.asp?v=13&n=4

Peters, E. (2008). Assessing Scientific Inquiry. Science Scope, 31(5), 27-33.

Popham, J. W. (1997). What's Wrong-and What's Right- WIth Rubrics. Educational Leadership, October, 72.

Popham, W. J. (2008a). Classroom assessment: what teachers need to know (5th ed.). Boston: Pearson.

Popham, W.J. (2008b). Transformative Assessment: Association for Supervision and Curriculum Development.
1703 North Beauregard Street, Alexandria, VA 22311-1714. Tel: 800-933-2723; Tel: 703-578-9600; Fax: 703-
575-5400; Web site: http://www.ascd.org.

Reeves, S., & Stanford, B. (2009). Rubrics for the Classroom: Assessments for Students and Teachers. The Delta
Kappa Gamma Bulletin, Fall, 24-27.

Rezaei, A., & Lovorn, M. (2010). Reliability and validity of rubrics for assessment through writing. Assessing
Writing, 15, 18-39.

Rochelle, J., Penuel, W. R., & Abrahamson, L. (2004). Classroom Response and Communication Systems: Research
Review and Theory.

Ross, J. (2006). The Reliability, Validity, and Utility of Self-Assessment. Practical Assessment, Research &
Evaluation, 11, 1-13. Retrieved from http://pareonline.net/pdf/v11n10.pdf

Ross, J. A. (1995). Effects of feedback on student behavior in cooperative learning. [Article]. Elementary School
Journal, 96(2), 125-143.

Salend, S. J. (2009). Technology-Based Classroom Assessments: Alternatives to Testing. TEACHING Exceptional
Children, 41(6), 49-58.

10



Paper presented at Global Learn Asia Pacific 2011, Melbourne Australia

Shepard, L. A. (2009). Commentary: Evaluating the Validity of Formative and Interim Assessment. Educational
Measurement: Issues and Practice, 28(3), 32-37.

Shepard, L. A., Flexer, R. J., Hiebert, E. H., Mario, S. F., Mayfield, V., & Weston, T. J. (1995). Effects of
Introducing Classroom Performance Assessments on Student Learning. Boulder, CO: National Center for
Research on Evaluation, Standards and Student Testing, University of Colorado at Boulder.

Skillings, M. J., & Ferrell, R. (2000). Student-generated rubrics: Bringing students into the assessment process. The
Reading Teacher, 53(6),452-455.

Sluijsmans, D., Dochy, F., & Moerkerke, G. (1999). Creating a Learning Environment by Using Self-, Peer-, and
Co-Assessment. Learning Environments Research, 1(3),293-319.

Sweet, D. (1993). Student Portfolios: Classroom Uses. Retrieved http://www2.ed.gov/pubs/OR/ConsumerGuides/.

Tezci, E., & Dikici, A. (2006). The Effects of Digital Portfolio Assessment Process on Students' Writing and
Drawing Performances. The Turkish Online Journal of Educational Technology, 5(2), 46-55.

Topping, K. J. (2005). Trends in Peer Learning. Educational Psychology, 25(6), 631-645.

Topping, K. J. (2009). Peer Assessment. Theory Into Practice, 48(1),20-27.

Wiggins, G. P., & McTighe, J. (2005). Understanding by design (Expanded 2nd ed.). Alexandria, VA: ASCD.

Wood, G. H., Darling-Hammond, L., Neill, M., & Roschewski, P. (2007). Refocusing Accountability: Using Local
Performance Assessments to Enhance Teaching and Learning for Higher Order Skills.

Wren, D. G. (2009). Performance Assessment: A key component of balanced assessment system. Virginia Beach:
Virginia Beach City Public Schools, Department of Research, Evaluation, and Assessment.

11



