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a b s t r a c t

This research investigates the effect of a web-based model, named ‘Practicing, Reflecting, and Revising
with Web-based Assessment and Test Analysis system (P2R-WATA) Assessment Literacy Development
Model,’ on enhancing assessment knowledge and perspectives of secondary in-service teachers, and
adopts a single group experimental research design. The WATA system provides teachers with person-
alized learning resources and situated environment to practice assembling, administering tests on-line,
and appraising test-related statistical information to reflect and revise test items. The sample consisted of
forty-seven secondary in-service mathematics and science teachers in a summer program for 36 h within
six weeks. This research collects and analyzes quantitative data, including the pre-test and post-test of
teachers’ knowledge and perspectives on assessment. The major results generally confirm the effec-
tiveness of P2R-WATA model. Firstly, the assessment knowledge of the participants has improved after
training, especially for teachers with low-level prior knowledge. Secondly, the findings also reveal that
there is a significant improvement on teachers’ assessment perspectives.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Assessing student performance in classroom instruction is one of the most pivotal tasks for today’s teachers. Assessment literacy
empowers teachers to make data-driven decisions aimed at teaching and learning. Teachers’ inadequate knowledge and capacity can cripple
the quality of education (Popham, 2009). The National Science Education Standards (National Research Council [NRC], 1996) of the United
States emphasizes the importance of assessment as a communicating tool in the instructional process. Gronlund and Linn (1990) pointed
out that teachers who assess instruction could initially realize their students’ needs, monitor learning and instructional processes, diagnose
student learning difficulty, and confirm learning achievement. Recent researchers have focused on proper assessment to improve student
learning (Campbell & Collins, 2007; McMunn, McColskey, & Butler, 2004; Popham, 2009; Wang, 2011; Wang, 2011; Wang, Wang, Wang, &
Huang, 2006). Teachers with assessment capacity can realize students’ thoughts, beliefs, and reasoning to improve student learning.
Therefore, assessment literacy is seen as an important professional knowledge and capacity a teacher should possess.

Regrettably, researchers have consistently shown that teachers lack assessment literacy to administer proper classroom assessment
(Arter, 2001; Mertler, 2004; Mertler & Cambell, 2005; Popham, 2006;Wang, Wang, & Huang, 2008). The major reasons caused teachers lack
assessment literacy including ‘faults in teacher education program (Lukin, Bandalos, Eckhout, & Mickelson, 2004; Mertler, 2004; Stiggins,
2002; Wang et al., 2008)’ and ‘faults in teacher certification policy (Stiggins, 2002; Wang et al., 2008)’ both in the United States and
Taiwan.’ Teachers are not required to learn about educational assessment when they complete their teacher education programs. These
teachers might learn the concepts and practices of educational assessment only in a few sessions within educational psychology courses or
a unit in amethods class (LaMarca, 2006; Stiggins, 2006; Popham, 2009). In Taiwan, assessment-related courses are optional and sometimes
lacking in teacher education programs. The P2R-WATA development model is designed to solve the problem of ‘faults in teacher education
programs’ for pre-service teachers to enhance their assessment literacy in Taiwan (Wang et al., 2008). The model based on the key elements
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of four successful training models including the Plake and Impara model (Plake & Impara, 1993), the Nebraska Assessment Cohort (NAC)
model (Lukin et al., 2004), the Assessment Literacy Learning Team (ALLT) model (Arter, 2001; Stiggins, 2001), the Pre-service Assessment
Learning Study group (PALS) and In-service and Pre-service Assessment Learning Study group (IPALS) model (Lukin et al., 2004) to
constructs aWeb-based environment training model. To investigate how to design aWeb-based assessment system to help develop teacher
assessment literacy, scholars have offered a wealth of advice on the design of computer-assisted and web-based assessment systems. Two
essential components of P2R-WATA were the personalized and situated design. The personalized design was based on the suggestions of
Egbert and Thomas (2001) and Passig (2001). The situated design was based on the most important characteristic in the four assessment
literacy development models, offering opportunities for teachers to apply what they learned to realistic classroom situations. Participants
‘practice’ assembling, administering tests on-line, and appraising test-related statistical information generated by the WATA system. Using
statistical information, teachers ‘reflect’ on problematic test items, student learning and instructions, ‘revise’ certain test items, and clarify
instructions. Many scholars have emphasized the importance of teacher assessment literacy and believe that assessment-related courses to
development of teacher assessment literacy should be integrated into pre-service and in-service teacher education (Lukin et al., 2004;
Mertler, 2004; Stiggins, 1995, 1999; Stiggins, Arter, Chappuis, & Chappuis, 2004).

In this research, to rectify this omission on teacher education program, training in-service teachers with high-quality assessment literacy
and building professional capacities for improving student learning are essential.

Additionally, the recent development of Information and communications technology has made ICT a component in many education
reformsworldwide. Bodzin and Cates (2003) suggested that e-Learning environments provide resources that aremore abundant for learners
in educational fields than traditional classroom environments. Teachers and students can immediately interact, share knowledge simulta-
neously, and teachers can encourage students to learn independently. Moreover, the errorless high-speed data processing feature has made
computers an accepted popular assessment tool in education. In other words, Web-based Testing (WBT) saves more time than paper-and-
pencil tests, teachers can administer test items, and the immediate results enhance learning effectiveness (e.g., correct tests, analysis, and
record test scores) (Mills, 2002; Sheader, Gouldsborough, & Grady, 2006; Wang, 2010). Using information technology has become a popular
formof professional development in teacher education. However, to date, very few literatures have reported the development and evaluation
of web-based assessment tools for teacher education. Therefore, this research attempts to investigate the effectiveness of an assessment
literacy development model, named Practicing, Reflecting, and Revising with Web-based Assessment and Test Analysis (P2R-WATA) model,
developed byWang et al., (2008) for assessment literacy of secondary in-servicemathematics and science teachers. This research is a follow-
up research and describes the model in detail in a later section. The current investigation addresses the following research questions:

1.1 What is the effectiveness of the P2R-WATA Assessment Literacy Development model for improving secondary in-service teachers’
assessment knowledge?

1.2 What is the effectiveness of the P2R-WATA Assessment Literacy Development model for improving secondary in-service teachers’
assessment perspective?
2. Literature review

2.1. Assessment literacy for teachers

Assessment literacy is an important professional knowledge a teacher should possess. As an element of the teaching knowledge base,
pedagogical content knowledge (PCK) contains assessment literacy as a component (Shulman, 1986). The Code of Professional
Responsibilities in Educational Measurement (National Council on Measurement in Education [NCME], 1995) mentioned that teachers
should take professional responsibility for educational assessment. Teachers are obligated to administer professional assessment and
strictly obey the ethical principles of assessment to fulfill their professional responsibilities. Stiggins (1991, p. 7; 1999, p. 23) expressed
that ‘teachers spend a third to a half of their professional time involved in assessment-related activities.’ The present research concurs
that assessment-related activities consume considerable time from classroom instruction. However, many studies have consistently
shown that teachers’ assessment literacy is inadequate (Plake & Impara, 1993; Schafer, 1993; Mertler, 2004). Schafer (1993) investigated
teachers’ education programs in the Association of the American College of Teacher Education (AACTE) member institutions and indicated
that half of the total number of participating schools did not require pre-service teachers to take assessment-related courses before they
graduated. Furthermore, Stiggins (1999) pointed out that only half of the states required an examination of teachers’ assessment abilities
in the United States.

The majority of programs have failed for decades to provide the assessment literacy required to enable teachers to engage in assessment
for learning (Stiggins, 2002). For example, Stiggins observes that only approximately a dozen states in the United States explicitly requiring
assessment competence as a prerequisite for teaching licensure. This problem has existed in many countries other than the United States.
DeLuca andMcEwen (2007) revealed that only three of ten bachelors of education programs had a mandatory assessment course or module
in Ontario, Canada. Out of ten Canadian provinces and 50 U.S. states, only Hawaii and Nebraska invest a significant amount of money to
improve assessment and evaluation practices within schools (Volante & Fazio, 2007). Apparently, teachers are not required to learn about
educational assessment when they complete their teacher education programs. As a consequence, these teachers might learn the concepts
and practices of educational assessment only in a few sessions within educational psychology courses or a unit in a methods class (La Marca,
2006; Stiggins, 2006; Popham, 2009).

To deal with this problem, the American Federation of Teachers (AFT), NCME, and National Education Association (NEA) collaborated to
develop the ‘Standards for Teacher Competence in Education Assessment of Students’ or STCEAS to guide pre-service teachers’ and
educators’ learning and course assessment. This standard remains an important authority in the field of teacher assessment literacy.

Considering the prominence of assessment practices in today’s classroom that increasingly emphasize the importance of improving
teacher assessment literacy for student learning in the U.S. via statewide accountability projects mandated under the ‘No Child Left Behind’
act, some education reform programs have been proposed. For instance, professional development devised by the state of Nebraska in 2000,



Table 1
Comparing functions of seven WBT system (Wang et al., 2008).

WBT systems Assembling Administering Appraising

Step 1 & 2 Step 3 Step 4 Step 5 Step 6 Step 7

Gateway Testing System X X V V V 

Lon-CAPA X X V V V 

Mallard X X V V V 

Question Mark X X V V V 

Top-Class X X V V V 

Web@ssessor X X V V V 

WATA V V V V V V

X¼ not available; V¼ available;¼ partially available; Step 1: Determining the purpose of testing; Step 2: Constructing a two-way chart; Step 3: Selecting appropriate items
according to the two-way chart; Step 4: Preparing relevant items; Step 5: Assembling the test; Step 6: Administering the test; Step 7: Appraising the test.
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known as Nebraska’s School-based Teacher-led Assessment and Reporting System (STARS), had a positive impact on teacher confidence,
knowledge, and skill in classroom assessment (Bandalos, 2004; Lukin et al., 2004).

Some assessment researchers and academic organizations have interpreted assessment literacy from their own point of view. Stiggins
(1995) provided a similar description when he stated that, ‘Assessment literates know the difference between sound and unsound
assessments. knowing what they are assessing, why they are doing it, how best to assess the skill/knowledge of interest, how to generate
sound examples of student performance, what can potentially go wrong with the assessment, and how to prevent those problems before
occurring. Paterno (2001) and Mertler (2004) defined assessment literacy as ‘the possession of knowledge about the basic principles of
sound assessment practices, including terminology, development and the use of assessment methodologies, techniques, and familiarity
with alternatives to traditional measurements of learning. Assessment literacy has been defined as what a teacher must know and to
understand the principles of sound assessment (Stiggins, 2006; Stiggins et al., 2004). Five essential competencies of sound classroom
assessment practice are described as follows. 1. Why assess? Assessment procedures and results serve clear and appropriate purposes. 2.
Assess what? Assessments reflect clear and valued learning targets. 3. Assess how? Learning targets are translated into assessments that
yield accurate results. 4. Communicate how? Assessment results are managed well and communicated effectively. 5. Involve students how?
Students are involved in their own assessment (Stiggins, 2006, p. 18; Stiggins et al., 2004, p. 27). The Center for School Improvement and
Policy Studies (2007) defined assessment literacy as being able to recognize sound assessment, evaluation, assessments, and communi-
cation practices; realize which methods of assessment to use to gather reliable information and students’ learning achievement;
communicate assessment results effectively, whether using school report cards, grades, test scores, portfolios, or conferences; and optimize
students’ motivation and learning by encouraging students to conduct assessment, keep records, and communicate with each other. The
North Central Regional Educational Laboratory provided a simpler definition, which states that assessment literacy is the readiness of an
educator to design, implement, and discuss assessment strategies (Wang et al., 2008). Assessment literacy involves the understanding and
appropriate use of assessment practices combined with the knowledge of the theoretical and philosophical underpinnings involved in the
measuring of students’ learning (DeLuca & Klinger, 2010).

Giving teachers opportunities for enhancing their assessment literacy should be a goal of teacher education (Mertler, 2004). Thus, in
Taiwan, there is a need to investigate and improve teachers’ assessment literacy. This research adopts the definition of assessment literacy
byWang et al., (2008), including the three aspects of ‘assessment knowledge,’ ‘assessment perspective,’ and ‘assessment skill.’ However, the
investigation of assessment skill is quite limited. Assessment skill relates to content knowledge, and the samples in this research consist of
a limited number of participating teachers in different subjects ranging from mathematics, physics, chemistry, and biology. This research
analyzes the components of assessment literacy as two aspects, teacher assessment knowledge and assessment perspectives.
2.2. Assessment literacy development model

Many researchers show that assessment training in teacher education is important to improving teachers’ assessment literacy (Plake &
Impara, 1993; Schafer, 1993; Stiggins, 2001). Recent studies have proposed an increasing number of effective assessment literacy devel-
opment models to build teacher capacity in assessment literacy, an introduction of four effective models is as follows.

Plake and Impara (1993) Model: This model selects the topic of ‘Interpreting and Communicating Test Results’ for developing a training
prototype. The training module design performs in either one or two days of an in-service teacher program or through a series of 2-h
Table 2
The Triple-A model functions in WATA system.

Triple-A model Complete Assessment Process
(Gronlund & Linn, 1990)

Figures Description

Assembling Step 1: Determining the purpose of testing Fig. 4 Teachers follow Step 1 to
5 of the basic steps in
classroom testing to assemble
tests in WATA system.

Step 2: Constructing a two-way chart Fig. 5
Step 3: Selecting appropriate items
according to the two-way chart

Fig. 6

Step 4: Preparing relevant items Fig. 7
Step 5: Assembling the test Fig. 8

Administering Step 6: Administering the test Fig. 9 Teachers administer a
multi-examination
schedule.

Appraising Step 7: Appraising the test Fig. 10 After tests are taken, teachers
perform test and item analysis.



Fig. 1. Sample questions measuring teachers’ assessment knowledge concepts in AKT.
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training sessions, including a ‘parent-teacher vignette,’ ‘course training materials,’ ‘practice exercises,’ ‘questions for a small group
discussion,’ and ‘assignment problems,’ as components. The vignette contains three main segments: Introduction: a brief description of the
purpose of the training modules, and a focus on the vignette to interpret and communicate the results of student academic achievement
assessment. Simulated parent-teacher conference: teachers simulate how to interpret the achievement information to parents. Conclusion:
identifying the important features of the parent-teacher conference and introducing the instruction components. This model provides
teachers a simulated environment to interpret assessment scores to parents, and provides an opportunity for teachers to practice assess-
ment knowledge.

The Nebraska Assessment Cohort Model: The University of Nebraska-Lincoln proposed the NAC program in 2001. The program requires
18 credits, which contain a 6-h course in two consecutive summers and a 6-h practicum course in an academic year. The course in the first
summer semester covers main and related basic assessment concepts of regional assessment and the content includes, ‘how to construct
a high-quality assessment,’ and ‘how to use assessment results to make instructive choices.’ The course in the second year focuses on
analysis and interpreting assessment data and making data-driven decisions.

In addition, the 6-h practicum course requires participants to learn from the Internet, including meeting professors during the intervals.
All professors and teachers share their thoughts with others on the Internet, receive feedback, and discuss issues. The course includes five
other features: encourage teachers to discover and use materials that relate to their own interests and needs; participants exchange their
thoughts and feedbacks, and apply technology adequately to assist in instruction. The course demonstrates each step of technology that
participants perform and introduces statistical software, requiring teachers to show the outcome; constructs an instruction platform to
provide participants the latest information for contacting peers and professors, and all teachers need to make and exchange their own
electric portfolios, containing their knowledge/thoughts of the practicum course. The program aims at providing teachers opportunities to
practice their assessment knowledge and skill.

Assessment Literacy Learning TeamModel (Arter, 2001; Stiggins, 2001): The ALLT developed a set of assessment literacy courses in 1999.
The basic premise of the course is to invite in-service teachers and their principal to participate voluntarily in a small professional
development group by meeting regularly and sharing professional experiences. The ALLT model is a framework of a learning team. The
model features are as follows: provide high-quality learning sources; emphasize classroom practice; work meaningfully with peers and
share successful and failed experiences; and make learning meaningful.

Pre-service Assessment Learning Study group and In-service and Pre-service Assessment Learning Study group Models (Lukin et al.,
2004): The PALS and IPALS models developed from ALLT. Participants in the PALS model consist of pre-service teachers as learners and
in-service teachers as educators. This model emphasizes practical classroom application of pre-service teachers. Participants meet once
a week in the first semester to study and discuss the edited Stiggins contents, and design practical research for the second semester by
following Kemmis and McTaggart (1990) proposed plan-act-observe-reflect model, which helps pre-service teachers implement assess-
ment concepts into a realistic practice environment and evaluate the influences of activities to students’ learning. Participants in the IPALS
model consist of in-service and pre-service teachers as learners. The PALS and IPALS model arrange pre-service teachers and in-service
teachers in pairs and combine assessment-related knowledge and techniques with classroom experiences, which are pivotal and chal-
lenging for pre-service teachers in the teacher education program.
Table 3
The MTMM results in AKT and SAP.

AKT SAP

AKT 0.993a

SAP 0.441b 0.660a

a the Cronbach alpha of AKT and SAP.
b the Pearson’s correlation coefficient between AKT and SAP.



Table 4
Paired t-test result of in-teachers’ assessment knowledge (n ¼ 47).

AKT Mean SD t value Effect size

Pre-test 61.17 8.37 2.82** 0.42
Post-test 64.89 9.34

**p < 0.01.
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Each of the above four models has important characteristics and effectiveness in developing teachers’ assessment literacy. All models
emphasize the importance of integrating classroom experiences into assessing literacy development. The models offer opportunities for
teachers to practice and apply assessment knowledge and techniques in realistic classroom environments, and teach participants assess-
ment-related content in a traditional way. However, this research not only focus on practicing and sharing assessment knowledge but
quickly providing opportunities for teachers to revise self-made tests and alter instruction based on students’ responses. From
a constructivism point of view, the change in the teachers is equal to their learning (Polettini, 2002). Teacher learning is a self-regulation
process in internal cognitive conflict as well as being personal, reflective, and transformative (Sandholtz, 2002). Learning is regarded as
a continuous process; individuals and groups construct meaningful knowledge through interactions in the social environment, experience
sharing, communication with others, and revision (Zaslavsky & Leikin, 2004). From this perspective, the constructivism theory underpin-
ning it states that reflection, revision, and feedback on the learning process are essential components. Reflecting and revising based on
students’ responses, especially from web-based educational statistic information, gives teachers opportunities to change assessment
methods, enhance instruction, and improve students’ learning. To reach this goal, this research takes validated components (i.e., share,
interaction, and realistic classroom experiences) of the four models as references and applies the advantages of information technology to
confirm the effectiveness of in-service teachers’ assessment literacy development in an e-Learning environment.
2.3. P2R-WATA assessment literacy development with web-based assessment and test analysis system

With the rapid development of Internet and communications technology, ICT is emerging as a useful supplement to traditional methods.
Web-based testing has recently become a popular and effective assessment tool in the educational field around the world (Costa, Mullan,
Kothe, & Butow, 2010; Sheader et al., 2006; Wang, 2007). TheWeb-based assessment tool is growing and allows teachers to administer test
items efficiently to students, provides flexibility to assess anytime and anywhere and delivers immediate feedback to test takers on-line,
including correcting and recording personalized test scores. Gardner, Sheridan, and White (2002) indicated that a good assessment system
should be able to build a test item pools and score bulletin board. These designs help students to take tests on-line and gather their own
learning scores rapidly.
Table 5
Assessment concepts of average incorrect-answer rate in AKT.

Summary of assessment conceptions Pre-test (%) Post-test (%) Improving rate (%)

1. Constructing items, assembling test papers and
administering tests
1.1 Principles of constructing a multiple-choice item 19.15 19.15 0.00

1.2 Characteristics of multiple-choices item 42.55 31.91 10.64

1.3 Bloom’s Taxonomy 55.32 50.35 4.97

1.4 Difference between summative assessment
and formative assessment

32.98 26.60 6.38

1.5 Functions of summative assessment and formative
assessment in teaching activity

37.24 30.85 6.39

1.6 General steps of administering tests 7.80 4.26 3.54

1.7 Administering tests 12.76 10.64 2.12

2. Analysis and appraising of testing data
2.1 Test analysis
2.1.1 Variance 51.06 35.11 15.95

2.1.2 Average 2.13 2.13 0.00

2.1.3 Standard deviation 38.30 38.30 0.00

2.1.4 KR20 and Cronbach’s alpha reliability 63.12 58.16 4.96

2.1.5 Test difficulty 4.25 0 4.25

2.1.6 Validity (content validity - Specification Chart) 20.57 12.77 7.80

2.1.7 Analysis of In-services’ scores distribution 80.85 74.47 6.38

2.1.8 T-scores 76.53 73.47 3.06

2.1.9 Z-scores 40.43 36.17 4.26

2.1.10 Normal Distribution 21.27 12.77 8.50

2.2 Item analysis
2.2.1 Options distracters power analysis 59.57 57.45 2.12

2.2.2 Item discrimination analysis 56.38 46.81 9.57

2.2.3 In-services’ error-concepts analysis 39.36 34.04 5.32

2.2.4 Item difficulty analysis 46.81 29.79 17.02



Table 6
Paired t-test result on assessment knowledge of participants with different prior knowledge.

Group AKT Mean SD t value Effect size

High score (n ¼ 14) Pre-test 70.89 5.87 0.07 0.02
Post-test 71.07 10.03

Low score (n ¼ 33) Pre-test 57.05 5.09 3.43** 0.81
Post-test 62.27 7.47

**p < 0.01.
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Gronlund and Linn (1990) posited that the ‘basic steps in classroom testing’ include the following seven steps. Step 1: Determining the
purpose of testing; Step 2: Constructing a two-way chart; Step 3: Selecting appropriate items according to the two-way chart; Step 4:
Preparing relevant items; Step 5: Assembling the test; Step 6: Administering the test; Step 7: Appraising the test. Wang et al., (2008)
indicated differences between the Web-based Assessment and Test Analysis system (WATA system) (Wang, Wang, Wang, Huang, &
Chen, 2004) and other WBT system functions using the perspective of Gronlund and Linn (1990). The result reveals that the WATA
system is the only system that allows teachers to determine the purpose of testing and to construct a Two-Way Chart in step 1 to 3 of the
basic steps in classroom testing. At the ‘appraising the test’ step, other assessment systems perform original scoring data, statistic charts, and
test results without item analysis, such as the Gateway Testing System, Lon-CAPA, Mallard, Question Mark, Top-Class and the Web@ssessor
system. Table 1 show the seven different WBT systems functions. According to Bransford, Brown, and Cocking (2000) scaffolding is
a temporary support framework provided learners to extend their competencies. Hannafin, Land, and Oliver (1999) differentiated four types
of scaffolding by functions, including conceptual, metacognitive, procedural, and strategic. Procedural scaffolding is the guidance on how to
utilize available resources, materials, and tools to help learners learn to do a task, action, or process (Hannafin, Land, & Oliver, 1999; Luke,
Freebody, Cazden & Lin, 2005). TheWATA system plays the role of procedural scaffolding due to this system equippedwith the framework of
‘Complete Assessment Process’ based on the seven steps proposed by Gronlund and Linn (1990). Moreover, hyperlinks for the reference
materials of assessment content were embedded in each step to guide and help learners understand assessment-related terminologies and
the meaning of each step. If necessary, learners can click the hyperlink then reference materials for assessment content was shown, as
shown in Fig. 7. Learners can obtain assessment-related knowledge and practice in a realistic context through the scaffolding provided by
WATA system. The webpage interface of the seven steps in WATA system is as shown in Figs. 4–10. The WATA system is equipped with the
framework of ‘Complete Assessment Process’ proposed by Gronlund and Linn (1990) and offers teachers the Triple-A Model (Wang et al.,
2004), which plays a pivotal role in procedural scaffolding of ‘basic steps in classroom testing.’ Table 2 shows the components of the Triple-A
Model include:

_ assembling (teachers follow Step 1 to 5 of the basic steps in classroom testing to assemble tests);
_ administering (teachers administer a multi-examination schedule in Step 6);
_ appraising (after tests are taken, teachers perform test and item analysis in Step 7);

A review of e-Learning environment-related papers indicates that personalized design is important to teacher education (Egbert &
Thomas, 2001; Passig, 2001). The WATA system takes the suggestion as a reference to construct an individual interface for learners and
provides electronic learning resources in each page of the Triple-A Model. The situated design is important in teacher education (Wiske,
Sick, & Wirsig, 2001; Clarke & Hollingsworth, 2002). Because of IT advantages, the e-Learning environment provides a simulated instruc-
tional setting for teachers. The Triple-A Model provides strategic scaffolding to support teachers in applying assessment knowledge,
principles, and experiences to new contextualization situations.

Wang et al., (2008) developed the P2R-WATA Assessment Literacy Development Model (P2R-WATA) to improve the assessment literacy
of pre-service teachers. All participating pre-service teachers simulate assembling tests according to the assessment process in the WATA
system, and ‘practice’ administering and appraising tests on-line, to ‘reflect’ the statistical data from students’ learning, and to ‘revise’
Table 7
Cochran’s Q result on teachers’ assessment perspectives.

Items High Score Group Low Score Group Totals

To assess perspectives on assessment functions,
1. Discriminate student’s learning effects N/A 3.000 3.000
2. Realize teaching material concepts which students easily confuse N/A 1.000 1.000
3. Analyze different alternative concepts of individual students 1.000 2.000 0.333
4. Analyze and improve teachers’ instruction strategy N/A 1.000 1.000
5. Realize advantages and disadvantages of question assignments N/A N/A N/A
6. Realize advantages and disadvantages of each assigned item 7.000** 14.222** 21.160**
7. Realize advantages and disadvantages of the complete testing 6.000** 3.600 9.000**

To assess perspectives on administering classroom assessment,
1. Confirm the purpose of testing N/A 2.000 2.000
2. Establish a Two-way Chart 2.000 3.000 4.571*
3. Use a Two-way Chart to administer the test 4.000* 14.222** 18.182**
4. Select proper question patterns and questions 1.000 8.000** 9.000**
5. Administer a test 1.000 1.000 2.000
6. Take a test N/A N/A N/A
7. Assess a test score N/A 1.000 1.000
8. Perform a test analysis and apply the result to your instruction 1.000 6.000* 7.000**

*p < 0.05; **p < 0.01; N/A: not available.



Fig. 2. P2R-WATA Assessment Literacy Development Model (Wang et al., 2008).
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problematic test items. The result indicates that P2R-WATA helps pre-service teachers improve their assessment knowledge and
perspectives. Participants showed positive perspectives toward the WATA system. This research adopts the P2R-WATA Model to confirm
development and effectiveness of assessment literacy for in-service teachers.

3. Methodology

3.1. Participants

Participants in this research were forty-seven of secondary in-service mathematics and natural science teachers enrolled in the summer
program entitled, ‘Test and Assessment in Mathematics and Natural Science’ in the Educational University, Taiwan. The research duration
was two years. The samples in the first year consisted of twenty-three teachers and twenty-four teachers for the second year. Classroom
instruction was conducted by the same professor. During the 36-h, six-week period, all in-service teachers received an equal amount of
instructional time and were provided with the same materials, assignments, and e-Learning environment.

3.2. Instruments and materials

3.2.1. Assessment knowledge test (AKT) (Wang et al., 2008)
AKT was mainly used to assess teachers’ understanding of assessment concepts (e.g., principles of constructing multiple-choice items,

Bloom’s taxonomy, reliability, validity, scores distribution, distracter ability, discrimination, general schedule of administering a test, and
Fig. 3. Personalized Triple-A Model of the WATA system (Wang et al., 2008).



Fig. 4. Personalized construct test item.
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item difficulty index). Fig. 1 presents two examples of test questions. Table 5 shows a list of all assessment concepts. Those in the AKT
were established based on the ideas of STCEAS (AFT, NCME, & NEA, 1990), the basic assessment concepts proposed by Gronlund and Linn
(1990) and three education and assessment experts chose the most important assessment concepts for teachers. This research selected
twenty-one assessment concepts to form forty multiple-choice questions, administered with the WATA system. The test items included
one correct answer and three possible responses. The same concept was tested using two different types of questions. All questions were
piloted and required modifications were made prior to administering the test. Cronbach alpha for the AKT was 0.993 and its average
difficulty was 0.505 (Wang et al., 2008). This research adopted the Multitrait-Multimethod matrix to analyze the data acquired by AKT and
SAP (Survey of Assessment Perspectives). Table 3 show that the diagonal values (i.e., the Cronbach alpha reliability coefficients of AKT and
SAP) are larger than others (i.e., the Pearson’s correlation coefficients between AKT and SAP). Therefore, the data acquired by AKT and SAP
have fair discriminant validity (Campbell & Fiske, 1959).

3.2.2. Survey of assessment perspectives (SAP) (Wang et al., 2008)
SAPmeasures teachers’ perspectives toward assessment functions and procedures. The SAPwas established based on Gronlund and Linn

(1990) assessment ideas. Three educational experts carried out the content validity of the test items. The SAP format is a binary categorical
scale based on participants’ expression of agreement or disagreement (Yes/No questions). The scale included fifteen items with two
subscales, including ‘perspectives about assessment functions,’ consisting of seven items (Cronbach’s alpha¼ 0.71), and ‘perspectives about
assessment steps,’ consisting of eight items (Cronbach’s alpha ¼ 0.78) (Wang et al., 2008). Table 7 presents the test questions.

3.2.3. Practicing, reflecting, and revising with web-based assessment and test analysis
This research used the WATA system to construct an assessment literacy development model called the ‘P2R-WATA’ model (Fig. 2). The

WATA system belongs to a regular WBT response system equipped with a personalized Triple-A (Assembling, Administering, and
Appraising) Model (Fig. 3) (Wang et al., 2004). The Triple-A Model is based on the ‘basic steps in classroom testing,’ proposed by Gronlund
and Linn (1990) and interviews seventeen in-service teachers and assessment experts (Wang et al., 2008). The ‘Assembling’ function
empowers teachers to construct item pools, test items, and administer tests based on the ‘Two-way Chart’ (Fig. 5; Fig. 6). The ‘Administering’
function enables teachers tomanage test schedules, andmonitor the testing process, including collecting and recording scores. The function
provides personal identification numbers (PINs) and examination passwords for testees to take the test over the Internet. The ‘Appraising’
function automatically reports test analysis data with educational statistical information to teachers, including the difficulty index,
discrimination index, and the optional distracter power of the items (Fig. 10).
Fig. 5. Assemble a test according to the Two-Way Chart.



Fig. 6. Selecting appropriate items according to the two-way chart.
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3.2.4. Design of e-learning contents for assessment literacy training
The e-learning design assists teachers in learning to administer assessment. This research adopted all the on-line reference material of

assessment content by Wang et al., (2008). The on-line learning materials were taken from a contemporary educational assessment
literature based on the ideas of STCEAS (AFT et al., 1990), the basic assessment concepts proposed by Gronlund and Linn (1990) and three
experts in science education and assessment chose the most important assessment concepts for teachers to use in the summer program.

The on-line reference material of assessment content contained two main topics, including ‘Constructing items, assembling test papers,
and administering tests’ and ‘Analysis and appraisal of testing data.’ The topic of constructing items, assembling test papers and admin-
istering tests included principles of constructing a multiple-choice item, characteristics of multiple-choice items, Bloom’s Taxonomy, the
difference between summative assessment and formative assessment, functions of summative assessment and formative assessment in
teaching activity, general steps of administering tests, and administering tests. The topic of appraising and applying test results included
variance, average, standard deviation, KR20 reliability, average difficulty of the test, validity, score distributions, optional distracter power
analysis, ID, T score, z score, and Z score, incorrect answers of students for each item, and item discrimination and difficulty analysis.
3.3. Research design

This research adopted a single-group experimental design. The participants used the P2R-WATA Assessment Literacy Development
Model (P2R-WATA), based on the WATA system with a Triple-A Model framework. The Triple-A Model provides teachers with the
‘framework of complete assessment steps,’ which acts as a pivotal scaffold in an assessment literacy training process. Two essential
components of P2R-WATA were the personalized and situated design. The personalized design was based on the suggestions of Egbert and
Thomas (2001) and Passig (2001). The personalized interface in an e-Learning environment for teacher education should adapt to individual
needs of each teacher. The WATA system provides teachers with personalized learning resources in the e-Learning environment, enabling
participants to enhance their assessment knowledge and perspectives using the Triple-A Model in their personalized learning process.

The situated design was based on the most important characteristic in the four assessment literacy development models, offering
opportunities for teachers to applywhat they learned to realistic classroom situations. Participants ‘practice’ assembling, administering tests
on-line, and appraising test-related statistical information generated by theWATA system. Using statistical information, teachers ‘reflect’ on
problematic test items, student learning and instructions, ‘revise’ certain test items, and clarify instructions.
3.4. Research procedures

The research procedures were as follows. The summer program beganwith the AKT and SAP pre-test administered to the forty-seven in-
service teachers to ascertain their entry behavior of assessment knowledge and perspectives. Second, the participants were asked to
administer a test through the three-stages, including practicing, reflecting, and revising the P2R-WATA model process.

During the practice stage, teachers read e-learning materials on assessment built in the WATA system and ‘practice’ administering a test
with five multiple-choice questions based on their own teaching subjects and the Two-Way Chart. After constructing the items and
assembling tests based on theWATA system, the tests were sent to some cooperative middle schools and some suitable classes were invited
to test students. All students had been taught thesemathematic and science subjects previously. Students took the test on-line via theWATA
system in a computer classroom.
Fig. 7. Teachers enable to prepare relevant items, when click on the hyperlink (a) then the reference materials of assessment content will be shown (b).



Fig. 8. Teachers enable to assemble the test in step 5 (Wang, 2008).
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During the reflecting stage, the teachers were requested to ‘reflect’ on the results of the tests with the individual statistics information
provided automatically by the WATA system after students completed the tests. After reflecting, the teachers revised the test items directly
in the WATA system.

During the revising stage, teachers were requested to ‘revise’ problematic test items, such as the poor difficulty index, the distraction
index, and the discrimination index. Following the P2R-WATA procedure, in-service teachers took the AKT and SAP post-test at the end of
the program to evaluate their learning effectiveness. Through the process of the P2R-WATA model, teachers hopefully improved their
understanding of the complete testing process and enhanced their assessment literacy.

3.5. Data collection and analysis

All data collectedwere quantitative, comprising the AKTand SAP pre-test and post-test scores. Each questionwas equivalent to 2.5 points
and the total score was 100 points in the AKT. The results of the pre-test and post-test were analyzed by the paired t-test and effect size.
According to the definition of Cohen (1988), the general conventions for labeling effect sizes are as follows: 0.2 is small, 0.5 is medium, and
0.8 is large. Meanwhile, the SAP was a binary categorization scale, including fifteen questions with a total score of 15 points. Each question
with a ‘Yes’ answer was equivalent to one point, while a ‘No’ answer was equivalent to zero. The Cochran Q statistic method was used to
determine changes in the participants’ assessment perspectives.

4. Results

4.1. Development of assessment knowledge

Tomeasure the development of in-service teachers’ assessment knowledge in the P2R-WATAmodel training, we tested participants with
the AKT pre-test and post-test. Table 4 shows the results of the paired t-test. A significant mean difference existed between AKT pre-test and
post-test scores (t¼ 2.82, p< 0.01) and the effect sizes was small to medium (Cohen’s d¼ 0.42). The results confirm that in-service teachers
in the summer program of ‘Test and Assessment of Mathematics and Natural Science’ using the P2R-WATA Assessment Literacy Devel-
opment model performed better and significantly improved assessment knowledge.

4.2. Development of assessment knowledge concepts

The AKT was a 40-item multiple-choice test that included twenty-one educational assessment concepts. To assess participants’
understanding of assessment concepts, Table 5 shows the results of the pre-test and post-test incorrect-answer responses of AKT. Before
treatment, the average percentage of incorrect responses from participants was 38.50% in the pre-test AKT. After treatment, the average
percentage of incorrect responses was 32.63% in the post-test AKT. The average percentage of three assessment concepts on the pre-test and
post-test incorrect-answer responses did not change. However, the concepts in principles of constructing a multiple-choice item, average,
Fig. 9. Teachers enable to administer the test in step 6 (Wang, 2008).



Fig. 10. Test and Item analysis.
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and standard deviation need reinforcing and further discussion with qualitative data analysis to better train in-service teachers. After the
model training, the other eighteen assessment concepts showed positive development.
4.3. Assessment knowledge development of participants with different prior knowledge

This research used a paired t-test to examine effectiveness of the P2R-WATAmodel on in-service teachers with different prior knowledge.
We divided participants into two levels using themedian of AKT pre-test scores. Out of the participating forty-seven in-service teachers, this
work selected fourteen teachers from the high-level prior knowledge group and the other thirty-three from the low-level prior knowledge
group to compare their AKT pre-test and post-test scores. The results indicated that the low-level prior knowledge group showed
a significant difference in their assessment knowledge after training (t ¼ 3.43 p < 0.01, see Table 6) and the effect sizes was large (Cohen’s
d ¼ 0.81). Fig. 11 shows that the low-level prior knowledge group significantly converged toward that of the high-level-prior knowledge



Fig. 11. Graph of interaction between Groups and AKT scores.

Y.C. Fan et al. / Computers & Education 57 (2011) 1727–17401738
group. The P2R-WATA model had a positive effect on improving in-service teachers’ assessment knowledge, especially for teachers with
low-level prior knowledge.

4.4. Changes in assessment perspectives of teachers

To measure the development of in-service teachers’ assessment perspectives in the P2R-WATA model training, we tested participants
with the SAP pre-test and post-test. This research presented an analysis of their SAP pre-test and post-test for each question using
a nonparametric Cochran’s Q test. Table 7 indicates that teachers’ assessment perspectives changed significantly in the six items, including
realizing advantages and disadvantages of each assigned item (Cochran’s Q¼ 21.16, p< 0.01), realizing advantages and disadvantages of the
complete testing (Cochran’s Q ¼ 9.00, p < 0.01), establishing a Two-way chart (Cochran’s Q ¼ 4.57, p < 0.05), using a Two-way Chart to
administer a test (Cochran’s Q ¼ 18.18, p < 0.01), selecting proper question patterns and questions (Cochran’s Q ¼ 9.00, p < 0.01), and
performing a test analysis and applying it to instruction (Cochran’s Q ¼ 7.00, p < 0.01).

The high-level prior knowledge group exhibited positive changes in eight items of a fifteen-item questionnaire (53.3%). Significant
changes among the three items included realizing advantages and disadvantages of each assigned item, realizing advantages, and disad-
vantages of the complete testing, and using a Two-way Chart to administer the test. The low-level prior knowledge group exhibited positive
changes in thirteen items (86.7%). Significant changes in four items included realizing advantages and disadvantages of each assigned item,
using the Two-way Chart to administer the test, selecting proper question patterns and questions, and performing test analysis and applying
the result to their instructions. In general, the P2R-WATA model had a positive change in in-service teachers’ assessment perspective. This
model had significant effect in convincing in-service teachers that the Two-way Chart is essential and in the effect of each assigned item for
assessment.

5. Conclusion

This research determines the effectiveness of the P2R-WATA model in facilitating the assessment knowledge and perspectives of
secondary in-service mathematics and natural sciences teachers. The findings reveal that the P2R-WATAmodel has significant effectiveness
in improving the participating in-service teachers’ assessment knowledge and perspectives, especially those in the low-level prior
knowledge group. These results are consistent with the findings of previous studies that acknowledge the assessment literacy training
model as necessary and suitable for teachers, and explain the reason for the P2R-WATA design (Wang et al., 2008). The characteristics of the
P2R-WATA are based on the suggestions of the personalized e-Learning environment design by Passig (2001) and the situated design by
Wiske et al., (2001). The personalized design allows participating teachers to determine their own learning sequences, and use the
educational statistic information provided by the WATA system for reflection and revision. The situated design provides teachers with
opportunities to put assessment knowledge into realistic practice situations to enhance their assessment literacy.

The assessment perspectives of teachers changed significantly in performing and establishing a Two-way chart for administering and
analyzing tests, and applying the result to their own instruction. According to those results above, it can be explained by the reason that P2R-
WATA model requires teachers to construct a Two-way chart to administer tests under scaffolding in the WATA system and offers hands-on
classroom experience in an instructional setting.

Additionally, based on the findings, this research suggests that using a well-designed web-based assessment system is an important part
of the teacher education experience in improving teacher assessment literacy. The design of the Triple-A Model as a scaffolding for
a temporary support framework helps teachers complete assessment steps in developing assessment literacy. Attention must focus on
offering teachers opportunities to practice assembling, administering, and appraising tests on-line, and applying assessment knowledge to
a realistic classroom environment. The educational statistic information from the WATA system requests teachers to reflect, report on test
results, and to revise problematic test items. This suggestion is similar to the results of Wang et al., (2008). They assigned pre-service
teachers to an experimental group (with an e-Learning environment using the WATA system and personalized electronic learning
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resources), and a control group (with a traditional learning environment and printed rather than personalized electronic learning
resources), in which the improvement trend of the experimental group was significantly diverse from that of the control group. The Web-
based assessment system has the potential to expand and enrich learning opportunities for educators. Therefore, pre-service and in-service
teacher education programs should consider the P2R-WATA model for developing assessment literacy.

Future research is required to explore whether other factors might have an impact on assessment literacy for in-service teachers. For
example, researchers could collect and analyze information about participating teachers’ instructional experiences and their background
information. Besides, this research focused on a single group designwith the e-Learning environment. Future research could adopt a quasi-
experimental design. Moreover, investigating how teachers use assessment results to make decisions, which in turn influences student
learning effectiveness is also pivotal to future research. Performance assessment is playing a pivotal role in present education reform; future
research we will direct toward teacher professional development in performance assessment in WATA system. Finally, more in-service
teachers should be enrolled in this assessment literacy development program, could help teachers with different subject matter back-
grounds have the same findings to develop proper assessment training program and curricula.
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