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Development and validation of an instrument for evaluating
inquiry-based tasks in science textbooks
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ABSTRACT
This article describes the development and validation of an
instrument that can be used for content analysis of inquiry-based
tasks. According to the theories of educational evaluation and
qualities of inquiry, four essential functions that inquiry-based
tasks should serve are defined: (1) assisting in the construction of
understandings about scientific concepts, (2) providing students
opportunities to use inquiry process skills, (3) being conducive to
establishing understandings about scientific inquiry, and (4) giving
students opportunities to develop higher order thinking skills. An
instrument – the Inquiry-Based Tasks Analysis Inventory (ITAI) –
was developed to judge whether inquiry-based tasks perform
these functions well. To test the reliability and validity of the ITAI,
4 faculty members were invited to use the ITAI to collect data
from 53 inquiry-based tasks in the 3 most widely adopted senior
secondary biology textbooks in Mainland China. The results
indicate that (1) the inter-rater reliability reached 87.7%, (2) the
grading criteria have high discriminant validity, (3) the items
possess high convergent validity, and (4) the Cronbach’s alpha
reliability coefficient reached 0.792. The study concludes that the
ITAI is valid and reliable. Because of its solid foundations in
theoretical and empirical argumentation, the ITAI is trustworthy.
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Introduction

The development of textbooks that foster inquiry is an emphasis of curricular reform in
K-12 science because inquiry has become a major focus of science education over the
past few decades (Meyer, Meyer, Nabb, Connell, & Avery, 2013; Shulman & Tamir,
1973; Trumbull, Bonney, & Grudens-Schuck, 2005). Science is not only a body of knowl-
edge that mirrors what we know about the world but also a set of multiple manners in
which scientists study the world (National Research Council [NRC], 1996, 2000, 2012).
Scientific inquiry refers to the approach scientists use and reflects how science proceeds.
A lack of experience with scientific inquiry precludes deep understandings about scientific
ideas. Providing authentic opportunities for students to engage in scientific inquiry is con-
ducive to enhancing their abilities to develop rational explorations and explanations of
their world. Consequently, scientific inquiry is a highly recommended learning process
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in which students propose ideas based on evidence derived from their practices, develop
understandings about scientific concepts, and make sense of how to engage in science
(Anderson, 2002; Bybee, 2010; Schwab, 1962).

Since the phrase ‘teaching science as enquiry’ was first developed by Schwab in 1962 at
Harvard University, many changes and innovations have been brought to K-12 science
textbooks (Chiappetta, 2008). A diversity of inquiry-based tasks has appeared in science
textbooks to guide students in conducting scientific inquiry, such as experiments, labora-
tory activities, investigations, and practical work. Today in most K-12 classrooms, text-
books serve as the principal tool and tutor of teaching and learning and have an
enormous influence on what is taught in science classrooms and how the curriculum is
presented (McDonald, 2016; Pingel, 2010; Roseman, Kulm, & Shuttleworth, 2001). It is
assumed that well-designed inquiry-based tasks in science textbooks play an important
role in supporting students’ experience with scientific inquiry and developing understand-
ings about scientific ideas. In turn, the evaluation of inquiry-based tasks in science text-
books deserves serious concern.

Criteria for an evaluation of the design quality of inquiry-based tasks

Since Ralph W. Tyler proposed the concept of educational evaluation, such evaluation has
always been purpose-driven (Cronbach et al., 1980; Sax & Newton, 1997; Tyler, 1942).
Generally speaking, evaluation is making value judgments. In the field of education, evalu-
ation refers to conducting systematic investigations involving goals, procedures, prin-
ciples, and tools to measure the value or quality of education-related matters such as
curriculum, instructional approaches, learning materials, educators, and learners. Accord-
ingly, content analysis of textbooks is essentially the measurement of textbooks’ value. The
textbook is the principal tool of teaching and learning in K-12 science classrooms, and the
core value of a textbook is embodied in how well the book functions as an instructional
tool. Therefore, content analysis of inquiry-based tasks in science textbooks is a measure-
ment of the degree to which these tasks perform their functions.

The first requirement is a definition of functions that inquiry-based tasks in science
textbook should serve. With regard to the functions of inquiry-based tasks, it is better to
search explanations of scientific inquiry for the answer. Scientific inquiry is also known
as laboratory activities. Shulman and Tamir (1973) emphasised that the laboratory has
always been the most distinctive feature of science instruction and is central to the
science learning process. Those authors listed five groups of objectives that students
may achieve in laboratory-based science classes: skills, concepts, cognitive abilities,
understanding the nature of science, and attitudes. Bybee (2002, 2006) interpreted scien-
tific inquiry to be a set of particular methods with which scientists explore the natural
world, such as observations and experiments that result in empirical evidence used to
answer a scientific question. In addition, scientific inquiry is not only the science
process that students are encouraged to experience but also the content knowledge of
science curriculum that students are expected to understand. An inquiry-based learning
process enables students to develop fundamental abilities and construct conceptual
understandings about scientific inquiry. Lederman and Lederman (2012) suggested
that scientific inquiry includes traditional science processes such as questioning, predict-
ing, observing, analysing data, inferring, and interpreting but also refers to the
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combining of these processes with scientific knowledge, scientific reasoning, and critical
thinking to develop scientific knowledge. In the report of inquiry-based science edu-
cation (IBSE) programmes published by the InterAcademies Panel (2006), scientific
inquiry is defined as students developing skills of inquiry and understandings about
scientific concepts by their own activities, which involve direct exploration and exper-
imentation, argumentation, and critical and logical reasoning regarding evidence the
students have gathered. It is commonly believed that K-12 classrooms are designed to
present established understandings, not to promote the discovery of new knowledge; a
school classroom is not a research laboratory. Thus, teaching and learning science as
inquiry refers to capturing typical characteristics of professional science within the K-
12 school classroom such as problem-solving approaches, scientific reasoning and argu-
ments, and critical thinking skills (Hanauer et al., 2006). In other words, the goals of
inquiry in K-12 classrooms are not to study the unknown world, but to construct under-
standings of what students are expected to learn. Thus, scientific inquiry is at the heart of
science learning, engaging students in the process of scientific research. Previous
descriptions of scientific inquiry suggest four essential functions that inquiry-based
tasks in science textbooks should serve:

(1) to assist in the construction of understandings about scientific concepts;
(2) to provide students opportunities to use inquiry process skills;
(3) to contribute to the establishment of understandings about scientific inquiry; and
(4) to provide students with opportunities to develop higher order thinking skills (HOTS).

In terms of an evaluation of the quality of inquiry-based tasks, the criterion is the degree
to which these tasks perform the above functions. In addition, for the purpose of measur-
ing the design quality of inquiry-based tasks, an instrument developed for content analysis
should be valid for gathering full and accurate evidence to assess the function performance
of a task.

Emergence of inquiry-based textbooks and studies on assessing those textbooks

The explosion of extensive focus on assessing inquiry-based tasks in science textbooks can
be traced to the mid-1970s. In the ten years following the curriculum reform of K-12
science education in the mid-1960s, numerous inquiry-based textbooks were rapidly
developed and widely adopted; however, independent evaluative efforts lagged behind
(Herron, 1971). Even the authors of those textbooks did not have an explicit vision of stu-
dents’ performance expectations after performing inquiry-based tasks. Two factors con-
tributed to this gap: the ambiguous understandings about scientific inquiry and the lack
of explicit criteria for evaluating the inquiry in textbooks. Since that time, three types of
research addressing the evaluation of inquiry in textbooks have developed.

Studies on assessing the instruction of inquiry process
The first category of studies on evaluating inquiry-based tasks in science textbooks con-
centrates on the instruction of the inquiry process. Tamir and Lunetta (1978, 1981) devel-
oped the Laboratory Structure and Task Analysis Inventory (LAI) on the basis of Schwab
and Herron’s conceptual framework of inquiry. They harbour the idea that content
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analysis is a powerful approach that enables the researcher to ascertain the quality of a
textbook. The LAI is an instrument for the content analysis of inquiry-based tasks and
contains two sections: Laboratory Organization, comprising 14 items in four sub-sections,
and Laboratory Tasks, comprising 24 items in four sub-sections. The LAI has been used to
review inquiry-based tasks in several series of biology, physics, and chemistry textbooks.
Germann, Haskins, and Auls (1996) modified Tamir and Lunetta’s LAI and proposed the
Biology Laboratory Manual Inventory (BLI). They used the BLI to evaluate inquiry-based
tasks in nine senior secondary biology textbooks. The BLI contains five sections, Prelab
Activity Provided, Student Planning and Design, Student Performance, Student Analysis/
Interpretation, and Student Application. Compared with the LAI, the BLI focused more
on the disposition of using scientific processing skills. This category of studies examines
the design of laboratory processes to determine how well those processes promote the
process skills that are involved in scientific inquiry. Although science is not simply a
body of knowledge, neither is it merely a suite of practices. Coupling practice with knowl-
edge provides the learning context, whereas practices alone are activities and knowledge
alone is memorisation. Both the LAI and the BLI barely mention the understandings
about scientific knowledge, which separates the scientific process from scientific
content. In addition, instructing students to perform an inquiry process is one of the
four functions of inquiry-based tasks whereas the other three functions are missing.
Because these instruments focus only on the inquiry process, this category of studies is
unable to evaluate an inquiry-based task comprehensively.

Studies on discriminating the openness levels of inquiry
The second category of studies on evaluating inquiry-based tasks in science textbooks
seeks to distinguish the openness levels of inquiry, which is also the most common
mode of analysing inquiry-based tasks. Schwab (1962) suggested that inquiry can be
divided into three phases: problems, methods, and solutions. Based on this conceptual fra-
mework, Schwab described three levels of inquiry. At the simplest level, problems and
methods are provided to students, and students are requested to discover relations not pre-
viously clear from their classroom learning. At a second level, problems are provided to
students who are expected to propose their own methods and solutions. At a third
level, all three phases of inquiry are left open to students. Derived from Schwab’s openness
levels of inquiry, Herron (1971) produced a four-point scale that suggests adding a zero
level in which problems, methods, and solutions are all provided or immediately
obvious from statements in students’ task manuals. This four-point scale is frequently
used by science educators to distinguish between various levels of inquiry (Banchi &
Bell, 2008; Bulunuz, Jarrett, & Martin-Hansen, 2012; Fay, Grove, Towns, & Bretz, 2007;
Jiang & McComas, 2015; Lederman, 2009). Some other studies proposed more openness
levels by subdividing the previously mentioned three phases of inquiry (Germann et al.,
1996; Tamir & Lunetta, 1978). Wenning (2005, 2007) presented a conceptual scheme of
eight levels of scientific inquiry, building upon Herron’s work, which further clarified the
definition of scientific inquiry. There is no doubt that the openness level can be used to
characterise inquiry-based tasks in science textbooks; however, the openness level is not
the exact response to whether the inquiry-based task is well designed. Because the openness
level cannot reflect the function performance of the inquiry-based tasks defined above, these
studies cannot judge whether an inquiry-based task is effective.
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Studies on the educational function of inquiry in textbooks
The third category of studies on evaluating inquiry-based tasks in science textbooks
focuses on the functions the tasks should serve in science teaching and learning,
which are intended to measure the quality of inquiry-based tasks. The NRC (2000)
created six worksheets to identify quality textbooks, among which Worksheet 2 Analysis
of Inquiry as Content analysed whether and how the lessons provided students the
opportunity to develop abilities and understandings regarding scientific inquiry. The
Biological Science Curriculum Study (BSCS, 2002) developed the Analysing Instruc-
tional Materials process comprising two sections, Paper Screen and Implementation/
Pilot. In the Paper Screen section, rubrics for examining science content, the work stu-
dents do, assessment, and the work teachers do are provided. The rubric for examining
the work students do, comprising 28 criteria in four facets, is oriented toward inquiry-
based tasks in textbooks. To identify evidence that the abilities and understandings
about scientific inquiry are embodied, the four facets include quality learning experi-
ence, abilities necessary to conduct science inquiry, understandings about scientific
inquiry, and accessibility. No statement regarding understandings about scientific
knowledge is included in the analysis inventory, which reflects that both of the above
studies treated inquiry-based tasks independently as activities. The function to guide
students to conduct and understand scientific inquiry was also considered separately
from content understanding in some other studies (Fitzgerald & Byers, 2002; Volkmann
& Abell, 2003). Millar (2009) introduced an instrument for evaluating inquiry-based
tasks, the Practical Activity Analysis Inventory (PAAI), comprising three components,
Learning Objective, Design, and Presentation. The PAAI covers the function that
inquiry-based tasks should help students develop understandings about scientific
knowledge but omits the function to evaluate whether students develop abilities to
conduct scientific inquiry. Thus, each of these studies omitted one or more educational
functions of inquiry-based tasks; in addition, new understandings about each function of
inquiry-based tasks developed gradually. These instruments could not collect compre-
hensive and accurate evidence to evaluate the quality of inquiry-based tasks.

The overview of previous research led to the following:

(1) Existing instruments focusing on the instruction of the inquiry process and the open-
ness levels of inquiry can serve the purpose for which they are intended quite well.
However, only evaluating the instruction of the inquiry process apparently separates
the scientific process from scientific content and omits the other three functions of
inquiry-based tasks. The openness level cannot reflect the function performance of
an inquiry-based task and cannot address whether an inquiry-based task is well
designed.

(2) Although instruments concentrating on functions can provide responses to the
quality of inquiry-based tasks, the majority of these instruments, if not all, fail to sys-
tematically describe the functions of inquiry-based tasks, which results in an incom-
plete and inaccurate assessment of the quality of the inquiry-based task. To offer more
evidence to make value judgments on inquiry-based tasks, it is necessary to fully con-
sider the functions that inquiry-based tasks in science textbooks should serve.
Additionally, because understandings about the functions of inquiry-based tasks
have been updated, a new and more valid instrument is required.
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(3) Open questions utilise a great deal of space in most tools, which is certainly conducive
to gathering evaluators’ accurate comments on inquiry-based tasks in textbooks.
However, because the inclusion of evaluators’ subjectivity is impossible to avoid,
users of these tools are expected to be well equipped to understand scientific
inquiry and render proper value judgments.

Purpose of the study

Since the early 1950s in Mainland China, the primary and secondary science curriculum has
been reformed eight times nationwide. In the latest round of curricular reform, launched at
the beginning of 2000, the goal of science education was shifted from the transfer of knowl-
edge to the development of students’ scientific literacy with inquiry-based teaching, which
placed scientific inquiry at the heart of science education (Liu, Liang, & Liu, 2012). In Main-
land China, science is generally taught as an integrated subject in primary schools, either an
integrated subject or separate subjects in junior secondary schools and as separate subjects in
senior secondary schools. One of the most active areas of curricular reform, secondary
biology education has experienced many changes and innovations in recent years (Lu &
Liu, 2012). A significant change is the diversified development of biology textbooks,
which ended the period in which one single textbook was used nationwide. A great deal
of inquiry-based tasks appeared in these textbooks, in accordance with the belief in teaching
and learning science by inquiry, prominent in the national biology standards. Perhaps even
more than in K-12 classrooms in other areas of the world, textbooks influence what is taught
in science classes and how it is taught in Mainland China. Thus, this study was constructed
to develop and validate an instrument for measuring the quality of inquiry-based tasks in
science textbooks. Based on the previous review, the core research questions addressed in
this study are as follows.

How does the instrument developed by this study judge whether inquiry-based tasks
are well designed? Does the instrument possess acceptable reliability and validity? Is the
instrument reliable and valid for evaluating the function performance of inquiry-based
tasks?

Theoretical framework

An instrument – the Inquiry-Based Tasks Analysis Inventory (ITAI) – was developed to
gather evidence to evaluate how well inquiry-based tasks in science textbooks perform the
above-mentioned functions. Items were developed based on current dominant under-
standings regarding each function that inquiry-based tasks in science textbooks should
serve.

Items to check consistency with curricular knowledge objectives

Inquiry-based tasks in science textbooks should assist students in the construction of
understandings about scientific concepts. Since scientific inquiry became fashionable in
the mid-1960s, there has been a misconception that inquiry-based learning can occur
without attention to scientific knowledge (BSCS, 2005). In fact, students first begin to
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construct their learning using their prior knowledge of the topic and then inquire into
areas that the students do not yet understand, which is also one of the central expectations
of IBSE (NRC, 2012; Pratt, 2012). In terms of scientific knowledge, the prevailing attitude
is that less is more in K-12 science education. Students are expected to engage in deep
exploration of a limited set of fundamental and important concepts rather than the cover-
age of mile-wide, multiple topics. Core ideas can provide an organisational structure for
the acquisition of new knowledge and help prepare students for broader understanding.
Furthermore, learning core ideas by scientific inquiry enables students to be less like
novices and more like experts (Stewart, Cartier, & Passmore, 2005; NRC, 2012). In light
of these perspectives, two items were included in the ITAI scale to check the consistency
between inquiry-based tasks and curricular knowledge objectives. Items and the scoring
rubric of each item are attached in Appendices 1 and 2.

Items regarding the opportunities for students to use inquiry process skills

To provide students with opportunities to use inquiry process skills is another function
that inquiry-based tasks in science textbooks should serve. One rationale for identifying
skills in the scientific process is Gagné’s Learning Hierarchies Theories, which suggested
clarifying students’ capabilities of performance in science classes (Gagné, 1963). The
American Association for the Advancement of Science (AAAS) launched a series of pro-
jects under the title Science – A Process Approach (SAPA) in which 14 process skills
appropriate to various scientific disciplines and reflective of scientists’ behaviour were
identified (Livermore, 1964). SAPA inquiry process skills were widely cited in subsequent
studies as a classical and popular method of identification. The National Association for
Research in Science Teaching (NARST) reviewed the SAPA inquiry process skills and
assigned particular descriptions to 12 of the skills (Padilla, 1990). Wenning (2005)
expanded the SAPA hierarchy of process skills by adding two groups of skills, rudimentary
skills and advanced skills. This study adopts the SAPA identification and the NARST
description of inquiry process skills with the exception of the skill-termed experimenting
because the description of experimenting overlaps other skills such as formulating hypoth-
eses, controlling variables, defining operations, and interpreting data. Conversely, there is
no skill regarding developing questions; therefore, a process skill regarding asking ques-
tions replaces the skill of experimenting. A list of inquiry process skills defined by this
study is provided in Table 1. All of these skills can be accessed by applying the skills to
authentic scientific inquiry. Inquiry-based tasks in science textbooks should provide stu-
dents opportunities to use these skills. Items of this dimension and a detailed scoring
rubric for each item are attached in Appendices 1 and 2.

Items on the reflection of understanding scientific inquiry

The next function of inquiry-based tasks in science textbooks is helping students establish
understandings about scientific inquiry, which is as important as having the ability to
conduct scientific inquiry (Lederman et al., 2014). Regarding the understandings about
scientific inquiry, this study adopted Lederman and Lederman’s identification (2012)
from the Second International Handbook of Science Education and designed eight items
regarding this dimension (Appendix 1).
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Qualitative analysis of the opportunities to develop HOTS

One more function of inquiry-based tasks in science textbooks is giving students
opportunities to develop HOTS. The primary difference between an inquiry-based
task and a traditional school activity is that an inquiry-based task requires higher
order cognitive processes, such as scientific reasoning and decision-making (Chinn &
Malhotra, 2002). In addition, IBSE that promotes HOTS is particularly important in
an era in which achieving scientific literacy for all students has become a major goal
(Hofstein & Lunetta, 2004; Madhuri, Kantamreddi, & Prakash Goteti, 2012). No con-
sensus identification has yet been reached of HOTS. Several researchers consider the
top three cognitive processes in Bloom’s Taxonomy of Educational Objectives –
analyse, evaluate, and create – to be HOTS (Anderson et al., 2013; Ramirez &
Ganaden, 2008), whereas some other scholars derive HOTS from twenty-first century
skills such as decision-making, problem-solving, critical thinking, and creative thinking
(Conklin, 2012; Heong et al., 2011; Marzano & Pickering, 1997). Respecting that
descriptions of HOTS vary from one study to another and that scientific inquiry is
not the sole path to developing such thinking skills, this study prefers to consider
this dimension in the qualitative discussion section rather than develop items regarding
these skills on the ITAI scale.

Thus, the final form of the ITAI scale is a combination of items from the first three
dimensions. The instrument ITAI contains a scale comprising 22 items and detailed
scoring rubrics for each item. To enhance the objectivity of evaluation results, all items
were developed to elicit a yes or no response. The scoring rubrics were developed to
justify different responses. A copy of the final version of the ITAI scale and relevant
scoring rubrics are offered in Appendices 1 and 2.

Methods and procedures

A pilot study was conducted to regulate the reliability and validity of the instrument.

Table 1. List of inquiry process skills.
Skills Descriptions

Observinga,b Using the senses to gather information about an object or eventb

Inferringa,b Making an educated guess about an object or event based on previously gathered data or
informationb

Measuringa,b Using standard and nonstandard measures or estimates to describe the dimensions of an object
or eventb

Communicatinga,b Using words or graphic symbols to describe an action, object or eventb

Classifyinga,b Grouping or ordering objects or events into categories based on properties or criteriab

Predictinga,b Stating the outcome of a future event based on a pattern of evidenceb

Controlling variablesa,b Identifying variables that can affect an experimental outcome, keeping most constant while
manipulating only the independent variableb

Defining operationallya,b Stating how to measure a variable in an experimentb

Formulating
hypothesesa,b

Stating the expected outcome of an experimentb

Interpreting dataa,b Organising data and drawing conclusions from itb

Asking questions Raising an appropriate question
Formulating modelsa,b Creating a mental or physical model of a process or eventb

aSAPA inquiry process skills (Livermore, 1964).
bNARST inquiry process skills (Padilla, 1990).
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Sample

The sample included a total of 53 inquiry-based tasks from the three most widely adopted
senior secondary biology textbooks in Mainland China. There are many tasks in a text-
book, such as assessment tasks, reading tasks, and inquiry-based tasks. This study only
considers inquiry-based tasks. According to various descriptions, inquiry refers to the
approaches that scientists use, such as investigation and research. Thus, tasks labelled
inquiry, investigation, or research in a textbook are considered inquiry-based tasks. The
three textbooks, from three different publishers, cover nearly all of the senior secondary
biology classrooms in Mainland China. This study labelled the three textbooks as Text-
book 1, Textbook 2, and Textbook 3. Consistent with the national senior secondary
biology standards in Mainland China, each textbook contains three compulsory
modules, Molecule and Cell (Module 1), Heredity and Evolution (Module 2), and Homeo-
stasis and Environment (Module 3), and three optional modules, Application of Biotech-
nology, Biological Sciences and Society, and Issues in Modern Biotechnology. Because the
optional modules are not required, these modules have considerably less influence on
classroom teaching and learning. Thus, this study selected the compulsory modules to
be the sample. Textbook 1 contains 16 inquiry-based tasks, of which 5 are from
Module 1, 3 are from Module 2, and 8 are from Module 3; Textbook 2 contains 12
inquiry-based tasks, of which 5 are from Module 1, 2 are from Module 2, and 5 are
from Module 3; Textbook 3 contains 25 inquiry-based tasks, of which 9 are from
Module 1, 5 are from Module 2, and 11 are from Module 3. Every inquiry-based task is
labelled by a code. The coding rule is that the first number refers to the textbook, the
second number designates the module, and the last numbers reflect the page. An overview
of the sample composition is listed in Table 2.

Validation of the instrument

In this phase, four science education experts (faculty members in science education) par-
ticipated in collecting data from the sample (Table 2) using the first version of the ITAI.
The four experts are labelled RB, RC, RP, and RW; for each, the first letter R indicates rater
and the second letter comes from the initials of the expert’s given name. RB is devoted to
promoting students’ understandings about scientific inquiry and developed a school-based
curriculum, An Advanced Course of Scientific Inquiry, in his PhD dissertation. RC devel-
oped a solid understanding about scientific inquiry during his study abroad, during which
his supervisor was an outstanding expert on the nature of science and scientific inquiry.
RP continued RB’s work and implemented the inquiry course in a senior secondary
school in Beijing. RW is the lead author of this paper. It is reasonable to assume that

Table 2. Overview of sample composition.
Module 1 Module 2 Module 3

Textbook
1

1161, 1183, 1191, 11,104, 11,110 1257, 1291, 12,116 137, 139, 1351, 1361, 1368, 1375, 1397,
13,102

Textbook
2

2123, 2156, 2164, 2166, 2194 2261, 2273 235, 2360, 2371, 2393, 23,130

Textbook
3

3116, 3123, 3153, 3158, 3167, 3170,
3183, 3187, 3198

3214, 3244, 3251,
3286, 3292

3324, 3338, 3351, 3357, 3365, 3373, 3376,
3387, 3389, 33,105, 33,110
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all four raters possess a deep understanding about scientific inquiry validating the
reliability of the collected data. Before working separately, the four raters gathered in a
workshop to discuss the rationale, goals, expectations, and meaning of each item and
rubric in this study, resulting in the ITAI’s demonstrating high acceptability. Then, the
four raters used the ITAI independently. To ensure that evaluation data collected by differ-
ent raters would fit the same logical scale, assignments in this section are demonstrated in
Table 3. In addition, each of the inquiry-based tasks would be reviewed by two raters
because of this assignment.

Two pieces of software, SPSS 13.0 for Windows and Winstep for Rasch, were used to
analyse the inter-rater reliability, discriminant validity, convergent validity and Cron-
bach’s alpha reliability of the ITAI. Winstep for Rasch is a set of software based on the
Rasch model in item reaction theory, which is widely applied in learning progression
research for the development of examination items. According to the item fit statistics
reported by Rasch software, researchers can determine whether to delete an item.
However, Bond and Fox (2007), the developer of the software based on Rasch model,
stated that the significance of fit statistics not only determines which item should be
deleted from the examination paper but also identifies the misfit item that merits close
attention and deeper analysis by researchers. Respecting the advantage of the software
based on Rasch model in providing detailed analyses of items and samples (Liu, 2010),
Winstep for Rasch was used to examine the reliability and validity of the ITAI in this
study. The response ‘Yes’ was scored 1 and ‘No’ was scored 0 when inputting data.

Results

Reliability and validity of the ITAI

Inter-rater reliability
Since there are only two response categories, 1 and 0, which is not a string of continuous
data, the nonparametric Wilcoxon test was adopted to examine the significance of differ-
ences between scores from two different raters who evaluated the same inquiry-based task.
The test report is presented in Table 4. As seen in the table, all of the significant coefficient
Asymp.Sig. (2-tailed) are much greater than 0.05, which indicates no significant difference
between scores from different raters. Additionally, it is a common belief that value judg-
ments rendered by a particular rater always show high internal consistency. RW reviewed
all 53 inquiry-based tasks whereas RB, RC, and RP analysed different compositions of the
sample separately. Because there was no significant difference between RW’s evaluation
and RB, RC, and RP’s evaluations, it may be inferred that a universal inter-rater consist-
ency exists when using the ITAI. The ratio of identical responses to total responses was
also calculated. The statistics (Table 5) indicate that the concordance rate of RW and
RB was 89.8%; the rate for RW and RC was 84.1% and the rate for RW and RP was

Table 3. Overview of the assignment for raters.
Raters Module 1 Module 2 Module 3 Inquiry-based Tasks in total

RW Textbook 1, 2, 3 Textbook 1, 2, 3 Textbook 1, 2, 3 53
RB Textbook 3 Textbook 1 Textbook 2 17
RC Textbook 1 Textbook 2 Textbook 3 18
RP Textbook 2 Textbook 3 Textbook 1 18
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89.1%. The average concordance rate was 87.7%, indicating a high consistency among
different raters when using the ITAI to analyse inquiry-based tasks in science textbooks.
All of these data indicate that the ITAI has appreciable inter-rater reliability.

Discriminant validity of response categories
Although the ITAI possesses high inter-rater consistency, several different responses exist.
With different responses from different raters, this study averaged the two raters’
responses for each item as the final score. Consequently, there may be three response cat-
egories for each item, 0, 0.5, and 1. In each response category, specific discrimination that
does not overlap another response category is absolutely necessary; otherwise, the category
must be deleted. The software Winstep for Rasch was used to examine the discriminant
validity of the three response categories. Because the software only identifies integers,
the three responses 0, 0.5, and 1 were labelled 0, 1, and 2, respectively. An analysis
report is provided in Table 6. According to the recommendation of the software guide-
lines, the minimal number of observed counts per category should be 10, and thresholds
should be at least 1.4 apart but not more than 5 to distinguish between categories (Bond &
Fox, 2007; Linacre, 1999). The diagnostics presented in Table 6 illustrate that the response
category 0.5 does not meet the criteria of all items. In addition, a more visualised distinc-
tion among response categories may be embedded in the probability curves (Bond & Fox,
2007). Figure 1 displays the probability curves for the three response categories of Item

Table 4. Report of Wilcoxon test on inter-rater difference. All of the significance coefficient
Asymp.Sig.(2-tailed) are much greater than 0.05, indicating that there is no significant difference
between scores from different raters.

Raters
Sample
number

Asymp. Sig.
(2-tailed) Raters

Sample
number

Asymp. Sig.
(2-tailed) Raters

Sample
number

Asymp. Sig.
(2-tailed)

W, B 1257 1.000 W, C 1161 0.317 W, P 137 0.317
W, B 1291 0.157 W, C 1183 0.317 W, P 139 0.564
W, B 12,116 0.157 W, C 1191 0.317 W, P 1351 0.157
W, B 235 1.000 W, C 11,104 0.317 W, P 1361 0.157
W, B 2360 0.414 W, C 11,110 1.000 W, P 1368 1.000
W, B 2371 1.000 W, C 2261 0.180 W, P 1375 0.180
W, B 2393 1.000 W, C 2273 0.102 W, P 1397 0.414
W, B 23,130 1.000 W, C 3324 0.257 W, P 13,102 0.157
W, B 3116 0.655 W, C 3338 0.317 W, P 2123 0.564
W, B 3123 0.317 W, C 3351 0.317 W, P 2156 0.180
W, B 3153 1.000 W, C 3357 0.317 W, P 2164 0.564
W, B 3158 0.102 W, C 3365 0.180 W, P 2166 1.000
W, B 3167 1.000 W, C 3373 0.157 W, P 2194 0.317
W, B 3170 0.180 W, C 3376 0.564 W, P 3214 1.000
W, B 3183 1.000 W, C 3387 0.317 W, P 3244 0.317
W, B 3187 0.317 W, C 3389 0.102 W, P 3251 1.000
W, B 3198 0.317 W, C 33,105 0.564 W, P 3286 0.157

W, C 33,110 0.564 W, P 3292 1.000

Table 5. Ratio of identical responses to total responses.
Raters Number of total responses Number of identical responses Concordance rate

Compare RW with RB 374 336 89.8%
Compare RW with RC 396 333 84.1%
Compare RW with RP 396 353 89.1%
Total 1166 1022 87.7%
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Table 6. Analysis report of the discriminant validity of response categories.

Item
Category
label Score

Observed
count Threshold Item

Category
label Score

Observed
count Threshold

1 0 0 3 NONE 12 0 0 10 NONE
1 0.5 5 0.55 1 0.5 12 0.15
2 1 45 −0.55 2 1 31 −0.15

2 0 0 3 NONE 13 0 0 37 NONE
1 0.5 7 0.19 1 0.5 5 1.19
2 1 43 −0.19 2 1 11 −1.19

3 0 0 12 NONE 14 0 0 38 NONE
1 0.5 5 1.20 1 0.5 4 1.47
2 1 36 −1.20 2 1 11 −1.47

4 0 0 18 NONE 15 0 0 48 NONE
1 0.5 16 −0.06 1 0.5 2 1.63
2 1 19 0.06 2 1 3 −1.63

5 0 0 25 NONE 16 0 0 39 NONE
1 0.5 5 1.38 1 0.5 9 0.27
2 1 23 −1.38 2 1 5 −0.27

6 0 0 22 NONE 17 0 0 25 NONE
1 0.5 3 1.92 1 0.5 6 1.38
2 1 27 −1.92 2 1 22 −1.38

7 0 0 38 NONE 18 0 0 42 NONE
1 0.5 5 1.23 1 0.5 6 0.72
2 1 11 −1.23 2 1 5 −0.72

8 0 0 48 NONE 19 0 0 28 NONE
1 0.5 4 0.38 1 0.5 9 0.66
2 1 1 −0.38 2 1 16 −0.66

9 0 0 24 NONE 20 0 0 3 NONE
1 0.5 7 1.00 1 0.5 4 0.78
2 1 22 −1.00 2 1 46 −0.78

10 0 0 32 NONE 21 0 0 34 NONE
1 0.5 9 0.58 1 0.5 7 −0.89
2 1 12 −0.58 2 1 12 0.89

11 0 0 38 NONE 22 0 0 17 NONE
1 0.5 0 NULL 1 0.5 18 −0.25
2 1 15 0.00 2 1 18 0.25

Figure 1. Probability curves for the three response categories of item 1.
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1. As shown in the figure, the response category 0.5 which is labelled 1, is completely over-
shadowed and rendered redundant by the other two categories. All of the probability
curves of the other 21 items present nearly the same shape as Item 1. Considering all of
these diagnostics, the researchers elected to eliminate response category 0.5.

The four raters met again to review and discuss the items that were scored 0.5 on all
inquiry-based tasks. During this discussion, the scoring rubric was fully accepted
without argument. The different responses of two raters were not a result of a possible
alternative interpretation of the scoring rubric, but a result of clerical error or accidental
noncompliance with the rubric. This round of discussion was extremely profitable, facil-
itating more accurate and objective data. Two different responses for an item ultimately
converged in a certain response. Only two response categories, 0 and 1, remained in the
following statistical analysis.

Convergent validity of items
There are many methods to analyse the validity of an instrument, such as analysis of test
content, response processes, internal structures, relations to other variables, and conse-
quences of testing (American Educational Research Association, American Psychological
Association, & National Council on Measurement in Education, 1999). All of these
methods share a coherent goal of constructing the validity of an instrument, which
ensures that the data collected by the instrument are exactly what researchers intended
to test. The validity analysis of the software Winstep for Rasch was also established for
this purpose (Liu, 2010). In the Rasch modelling approach, both items and persons are
located on the same map, which is a logit scale with equal size units. Each item and
person is located along the logit scale; the location of more difficult items and more
able persons is more positive. If the measure of a person’s ability is lower than the
measure of an item difficulty, this person is not the logical choice to correct respond to
this item; or it is necessary to analyse whether the item is valid or the person’s response
is unusual (Bond & Fox, 2007). In this study, receiving more ‘Yes’ answers to an
inquiry-based task indicated that the task was of higher quality; fewer ‘Yes’ responses indi-
cated a more difficult item. An inquiry-based task with lower quality measures than item
difficulty measures was unlikely to elicit a ‘Yes’ response. Consequently, the expectation of
item validity in this study was consistent with the expectation in the Rasch modelling
approach. Winstep for Rasch was used to analyse the convergent validity of items in
the ITAI. Table 7 displays the diagnostics. It is generally recommended that perfect fit stat-
istics would satisfy the following four criteria: (1) Model S.E. < 1, (2) 0.70 < Infit-MNSQ <
1.30, −2.0 < Infit-ZSTD < 2.0, (3) 0.70 < Outfit-MNSQ < 1.30, −2.0 < Outfit-ZSTD < 2.0,
and (4) PTMEA > 0. Table 7 indicates that (1) the Model S.E. of all items is less than 1,
which meets the first criterion; (2) most items meet the second criterion, except that
the Infit-MNSQ of Item 7 is slightly greater and Item 12 is slightly less, whereas the
Infit-ZSTD of Item 7 is slightly greater; (3) the Outfit-MNSQ of Items 5, 7, and 18 is
greater than 1.3, Items 10, 12, 13, 15, and 20 are less than 0.7, and the Outfit-ZSTD of
Item 18 is greater than 2.0; and (4) the PTMEA of all items except for Item 18 is
greater than 0. Thus, eight items, 5, 7, 10, 12, 13, 15, 18, and 20, do not meet the criteria
well. In fact, such a result indicates overfit, when an item meets one of the two criteria,
namely, (1) Infit-MNSQ < 0.7 and Infit-ZSTD < 0 or (2) Outfit-MNSQ < 0.7 and
Outfit-ZSTD < 0. The items fit too well with the validity expectation to be authentic. It
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is possible that a few of the subjects trimmed their responses because of surmising the
intention of the test. However, in this study, the investigated objects were inquiry-based
tasks that were not able to respond to the test items themselves. Raters, as a third party,
performed content analysis of inquiry-based tasks in strict accordance with the scoring
rubric. There was no possibility of inauthenticity for the five overfit items, 10, 12, 13,
15, and 20. Conversely, the diagnostics of overfit indicated that the scoring rubric of
these items was quite precise and valid. Consequently, only three of the above eight
items, 5, 7, and 18, were underfit, indicating that the relevant scoring rubrics must be
reviewed and revised.

Item 5: ‘In this task, students are expected to use the skill measuring, yes or no.’ The
initial scoring rubric of this item stated, ‘Please analyse whether students are required
to perform measuring as defined in Table 1 to accomplish this task.’ The discussion
among the raters demonstrated that weighing chemicals for the preparation of experimen-
tal solution frequently appears in inquiry-based tasks. Certainly, weighing belongs to
measuring as defined; however, weighing for preparing solution is simply a cookbook
approach rather than an inquiry process. Thus, the statement on the scoring rubric was
modified to ‘Please analyse whether a measurement of the variables directly related to
research questions is requisite for accomplishing this task.’

Item 7: ‘In this task, students are expected to use the skill classifying, yes or no.’ The
initial scoring rubric of this item stated, ‘Please analyse whether students are required
to perform classifying as defined in Table 1 to accomplish this task.’ During the discussion
with the other three raters, it was determined that as a result of rater RB’s argument to
expand the definition of classifying, the detection and identification of substances (e.g.
starch turns blue when interacting with iodine) are regarded as classifying. Broadly speak-
ing, that type of classifying does distinguish containing starch from not containing starch
but is not classifying as defined in the inquiry process. Thus, the statement on the scoring

Table 7. Diagnostics of item validity.

Item Model S.E.

Infit Outfit

PTMEAMNSQ ZSTD MNSQ ZSTD

1 0.50 1.18 0.6 0.97 0.2 0.37
2 0.50 1.18 0.6 0.97 0.2 0.37
3 0.35 1.02 0.2 0.89 −0.3 0.52
4 0.31 0.96 −0.3 0.90 −0.4 0.51
5 0.31 1.21 1.7 1.51 1.7 0.30
6 0.32 0.85 −1.1 0.72 −1.2 0.60
7 0.35 1.40 2.1 1.99 1.7 0.01
8 0.73 1.05 0.3 0.85 0.2 0.11
9 0.31 1.16 1.2 1.08 0.4 0.39
10 0.34 0.88 −0.8 0.68 −0.6 0.47
11 0.33 0.98 −0.1 1.16 0.5 0.37
12 0.36 0.65 −2.0 0.50 −2.0 0.74
13 0.35 0.76 −1.5 0.55 −0.9 0.53
14 0.35 0.90 −0.6 0.70 −0.5 0.44
15 0.61 1.02 0.2 0.65 −0.1 0.20
16 0.41 1.07 0.4 1.09 0.4 0.23
17 0.31 0.83 −1.4 0.73 −1.0 0.57
18 0.43 1.30 1.1 9.90 5.6 −0.15
19 0.33 0.90 −0.8 0.79 −0.5 0.48
20 0.54 0.76 −0.6 0.57 −0.4 0.56
21 0.33 0.92 −0.6 0.75 −0.6 0.47
22 0.31 0.97 −0.2 0.90 −0.3 0.50
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rubric was modified to ‘Please analyse whether classifying that is rigorously defined in the
inquiry process (e.g. biological classification) is requisite for accomplishing this task.’

Item 18: ‘The text of this task reflects that all scientists performing the same procedures
may not obtain the same results, yes or no.’ The initial scoring rubric stated. ‘If the expected
outcome of this task is a foregone conclusion (e.g. the logistic growth model of the popu-
lation of paramecium lived in a glass container), it could not reflect this term.’ The focus of
this rubric is that all students may not obtain the same results; however, the premise that
all students perform the same procedures to answer the same questions was set aside. In
some of the inquiry-based tasks, questions and methods are proposed by students.
Although students do not obtain identical results, the students do not perform the
same procedures either. Thus the words ‘First, please analyse whether the problems and
methods are provided by the text of inquiry-based tasks’ were added to the statement
on the scoring rubric.

All of the inquiry-based tasks re-evaluated the three underfit items, 5, 7, and 18, in
accordance with the revised scoring rubrics. Then, Winstep for Rasch was used to
examine the convergent validity of the items again (Table 8). Table 8 indicates that
there are only two items, 5 and 16, that were not a perfect fit, among which Item 5 met
two of the four criteria and Item 16 met three of the four criteria. Bond and Fox (2007)
stated that no set of data can have a perfect fit. It is generally accepted that an item
meets only three of the four coefficients, Infit-MNSQ, Infit-ZSTD, Outfit-MNSQ, and
Outfit-ZSTD. Therefore, Item 16 was fit according to the expectation of validity. The
bubble charts (Figures 2 and 3) present a more visualised representation that only Item
5 does not fit the validity expectation well. Each bubble is labelled with a number corre-
sponding to the item. The entire bubble located between−2 and 2 indicates that the item is
fit, whereas the bubble centre located more negative than −2 indicates that the item is
overfit; if the centre is more positive than 2, the item is underfit. As previously noted, it

Table 8. Diagnostics on validity of items revised.

Item Model S.E.

Infit Outfit

PTMEAMNSQ ZSTD MNSQ ZSTD

1 0.53 1.27 0.8 0.92 0.2 0.41
2 0.53 1.27 0.8 0.92 0.2 0.41
3 0.36 1.07 0.4 0.94 −0.1 0.52
4 0.32 1.01 0.1 0.96 −0.1 0.50
5 0.32 1.26 1.9 1.66 2.3 0.31
6 0.33 0.97 −0.2 0.84 −0.7 0.55
7 0.43 1.12 0.5 1.06 0.3 0.20
8 0.73 1.03 0.3 0.67 0.0 0.15
9 0.32 1.25 1.7 1.19 0.9 0.37
10 0.34 0.91 −0.6 0.72 −0.6 0.45
11 0.34 1.00 0.0 1.23 0.70 0.37
12 0.37 0.65 −2.0 0.49 −1.8 0.73
13 0.35 0.74 −1.8 0.53 −1.1 0.53
14 0.35 0.94 −0.3 0.72 −0.5 0.42
15 0.61 0.99 0.1 0.54 −0.2 0.22
16 0.38 1.22 1.1 1.60 1.1 0.17
17 0.32 0.85 −1.1 0.75 −1.0 0.56
18 0.54 1.04 0.2 0.96 0.3 0.19
19 0.33 0.96 −0.3 0.86 −0.3 0.44
20 0.57 0.78 −0.5 0.52 −0.3 0.60
21 0.33 0.94 −0.4 0.76 −0.6 0.47
22 0.32 1.02 0.2 0.97 −0.1 0.49
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was unnecessary to revise overfit items in this study. In Figure 2, only approximately one-
third of the bubble of Item 5 is more positive than 2, whereas the bubble centre falls
between −2 and 2. In Figure 3, all bubbles of the items are located in the area of fit,

Figure 2. Item fit bubble chart (Infit). One-third of the bubble of item 5 is located positive than 2, but
the bubble centre of which falls between −2 and 2.

Figure 3. Item fit bubble chart (Outfit). Almost the entire bubble of item 5 falls outside the province of
fit, −2∼2.
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except that nearly the entire bubble of Item 5 falls outside the province of fit. Thus Item 5
is underfit, indicating that the item should be further studied and perhaps omitted.
Because Outfit-MNSQs are unweighted mean residuals, some large fit statistics could be
because of a few unusual response patterns but not the misfit of items (Liu, 2010). To
further identify whether a few individuals responded to Item 5 abnormally, the character-
istic curve of Item 5 (Figure 4) was reviewed. In Figure 4, the x-axis is the difference
between the inquiry-based tasks’ quality and the item difficulty, and the y-axis is the prob-
ability of tasks’ receiving a ‘Yes’ response for this item. For an inquiry-based task, when its
quality is higher than the item difficulty, the probability of a ‘Yes’ response is greater. Simi-
larly, if the quality is lower than the item difficulty, the probability of a ‘Yes’ response is
smaller. The observed pattern is in scatterplots whereas the expected pattern model is
in the smooth line, and the acceptable pattern should fall within the band near the
expected smooth line. Inquiry-based tasks were grouped into 13 quality levels and are rep-
resented by x along the x-axis in Figure 4. As seen, one group of tasks’ probabilities are
outside the upper band, indicating that the group of inquiry-based tasks whose quality
is 3∼4 measures lower than the item difficulty presents an unacceptably high probability
of a ‘Yes’ response for this item. Because the sample size was 53, the size for each group
was approximately 4. Based on this result, approximately 4 of 53 individual items were not
fit, indicating that the overall fit was good.

To determine exactly which inquiry-based tasks presented unusual response patterns
for Item 5, the software Winstep for Rasch was used to draw a Wright Map (Figure 5)
on which tasks and items are located along the logit scale with equal size units. The vertical
axis is the logit scale, measures of which are on the far left of the Wright Map. Inquiry-
based tasks are located along the left side of the axis according to their measures of
quality whereas items along the right side of the axis are located according to their diffi-
culty measures. It is not expected that an inquiry-based task located lower than a certain

Figure 4. Characteristic curve of item 5. Inquiry-based tasks were grouped into 13 quality levels and
represented by ×. The score probability of one group whose quality is 3∼4 measures lower than the
item difficulty is outside the upper band.
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item could receive an ‘Yes’ response. In this study, the abnormal individuals appeared in
the area of 3∼4 measures lower than the Item 5 difficulty measures. As seen in Figure 5,
there were five inquiry-based tasks, 3286, 1257, 3123, 3198, and 3324, located in this area,
which were not expected to provide students opportunities to use the inquiry process skill
measuring. Checking the scores of these tasks on Item 5 revealed that all of these tasks
received a score of 0 except for Task 3123, and then Task 3123 was reexamined. In this
task, students are expected to use the test paper method to quantitatively test urinary
protein. Certainly, a quantitative test of urinary protein fits the definition of measuring
in this study; however, this task received a low total score because of several obvious mis-
understandings about scientific inquiry. Because of the unusual response pattern of only
one inquiry-based task, accounting for approximately 1.89% of the total sample, Item 5
received large fit statistics. Overall, Item 5 fit well and should be accepted without ques-
tion, which further affirms that the instrument ITAI achieved a good convergent validity
after being modified.

Figure 5. The wright map of sample and items. Five inquiry-based tasks 3286, 1257, 3123, 3198, and
3324 located in the area of 3∼4 measures lower than the item 5 difficulty measures.
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Cronbach’s alpha reliability
The Cronbach’s alpha, the most popular reliability analysis method in current psychologi-
cal and educational research, was adopted to examine the internal consistency of the
ITAI developed by this study. The software SPSS was used to calculate the Cronbach’s
alpha coefficient. The calculation result indicates that the Cronbach’s alpha coefficient
was 0.792, close to 0.8, which indicates that the internal consistency of the ITAI was
acceptable.

Thus, the ITAI was developed based on the solid foundations of theoretical and empiri-
cal argumentation, having high inter-rater reliability, discriminant validity of response cat-
egory, convergent validity of items, and Cronbach’s alpha reliability. Consequently, the
ITAI is valid for content analysis of inquiry-based tasks in science textbooks. In addition,
the evaluation results gathered by the ITAI are reliable.

Discussion and implications

High-quality inquiry-based tasks in science textbooks are in fact paradigms and practical
guides of inquiry-based instruction. In other words, it is the mission of inquiry-based tasks
in textbooks to guide teachers and students in performing inquiry-based teaching and
learning, for which the quality of inquiry-based tasks is of great concern. Therefore, it
is necessary for researchers to pay close attention to the evaluation of inquiry-based
tasks in science textbooks.

According to theories of educational evaluation, content analysis of an inquiry-based
task in science textbooks is essentially the measurement of how well the task functions
as an instructional tool. Previous descriptions of scientific inquiry led to the definitions
of four essential functions that inquiry-based tasks in science textbooks should serve.
Items and a relevant scoring rubric were created based on current dominant understand-
ings about each function. The instrument ITAI developed in this study into a reliable and
valid tool for judging whether inquiry-based tasks perform their functions well after modi-
fication and revision. This study extends the previous research on inquiry in textbooks by
developing and validating a new instrument that includes a scale and a scoring rubric for
content analysis of inquiry-based tasks in science textbooks. The scale and rubric are pro-
vided in Appendices 1 and 2.

In follow-up studies, the ITAI was used to evaluate a total of 53 inquiry-based tasks in
the three most widely adopted senior secondary biology textbooks in Mainland China, the
same sample mentioned in this study. The ITAI provided full and accurate data on the
quality of these samples and highlighted the need for revising the current inquiry-based
tasks.

The ITAI scale comprises 22 items in three dimensions, and the scoring rubric is a prac-
tical guide for grading each item. A higher score on an inquiry-based task indicates that
more elements of authentic inquiry are involved in the task, providing a greater challenge
for students. The expectation of this study was not that all inquiry-based tasks should
achieve high scores, but that an appropriate number of inquiry-based tasks that challenge
students’ intelligence should be included in one textbook. Additionally, the ITAI is an
inventory for content analysis. The purpose of this study is not to predict how teachers
and students may conduct inquiry-based tasks; its purpose is to simply review the text
of the tasks in science textbooks. Indeed, the function performance of an inquiry-based
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task depends largely on how teachers and students implement the task in the classroom;
however, the quality of the task’s content plays a foundational role in supporting its
implementation. Data collected by the ITAI are not intended to reflect the implementation
effect of an inquiry-based task, simply its content quality. After collecting data by the ITAI,
it is strongly recommended that the educational function of developing HOTS be con-
sidered in the discussion section.

In addition, the scales and scoring rubrics developed and validated in this study are not
only an instrument for evaluating inquiry-based tasks but also principles that should be
followed when designing inquiry-based tasks. The ITAI is likely to be used by researchers,
textbook evaluators, and teachers to design, assess, and select inquiry-based tasks. Further
studies on the reliability and validity of the ITAI may be pursued for a variety of inquiry-
based tasks from different disciplines and different regions. More evaluation reports from
other people using the ITAI are also necessary. In addition, the ITAI can be used to ident-
ify high-quality inquiry-based tasks to provide paradigms for designing and modifying
inquiry-based tasks.
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Appendix 1: Scale of the Inquiry-based Tasks Analysis Inventory (ITAI).

Dimension 1: To assist in the construction of understandings about scientific concepts Yes No
1. Scientific concepts involved in this task are consistent with the objectives of the lesson
2. Understandings about the involved concepts contribute to learning core ideas

Dimension 2: in this task, students are expected to use the following skills Yes No
3.Observing
4. Inferring
5. Measuring
6. Communicating
7. Classifying
8. Predicting
9. Controlling variables
10. Defining operationally
11. Formulating hypotheses
12. Interpreting data
13. Asking questions
14. Formulating models

Dimension 3: The text of this task reflects the following understandings about scientific inquiry Yes No
15. Scientific inquiry all begin with a question, but do not necessarily test a hypothesis
16. There is no single set and sequence of steps or methods followed in all inquiries
17. Inquiry procedures are guided by the question asked
18. All scientists performing the same procedures may not get the same results
19. Inquiry procedures can influence results
20. Conclusions must be consistent with the data collected
21. Scientific data are not the same as scientific evidence
22. Explanations are developed from a combination of collected data and what is already known

Appendix 2: Scoring rubrics of the Inquiry-based Tasks Analysis Inventory
(ITAI)
Before scoring Items 1 and 2, please review the objectives of the lesson and the relevant core ideas in
national standards. When scoring Items 3∼14, please consult the definition of process skills listed in
Table 1. In addition, do not guess how teachers and students may conduct the inquiry-based tasks;
simply review the text of the tasks in the science textbooks.
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Items Scoring rubrics
1 If one or more concepts referred to in the objectives of this lesson are applied to accomplish this task or are the

conclusions of this task, mark Yes; otherwise, mark No
2 If Item 1 is marked Yes and the concepts involved in Item 1 are components of core ideas described in the national

standards, mark Yes; otherwise, mark No
3 If students are required to or must perform observation, mark Yes; otherwise, mark No
4 If students are required to or must infer, mark Yes; otherwise, mark No. Please note the difference between inferring

and observing (Lederman & Lederman, 2012)
5 If students are required to or must measure the variables directly related to research questions, mark Yes; otherwise,

mark No
6 If students are required to or must communicate as part of this task, mark Yes; otherwise, mark No
7 If students are required to or must perform classifying that is rigorously defined in the inquiry process (e.g. biological

classification), mark Yes; otherwise, mark No
8 If students are required to or must predict, mark Yes; otherwise, mark No
9 If students are required to or must control variables, mark Yes; otherwise, mark No
10 If the text of this task completely meets the following three criteria, (1) students are required to define operationally,

(2) no cookbook procedure examples are provided in the text, (3) well-defined, scientific, and pertinent research
questions are provided or students are asked to develop research questions and no ill-defined, unscientific, and
non-pertinent question examples are provided, mark Yes; otherwise, mark No

11 If students are required to or must formulate hypotheses and this task in fact belongs to inquiries that necessarily test
hypotheses (e.g. experimental inquiry), mark Yes; otherwise, mark No

12 If students are required to or must interpret data, mark Yes; otherwise, mark No
13 If students are required to ask research questions and no ill-defined, unscientific, or non-pertinent questions or

examples are provided, mark Yes; otherwise, mark No
14 If students are required to or must formulate models, mark Yes; otherwise, mark No
15 If the text of this task completely meets the following three criteria, (1) well-defined, scientific, and pertinent research

questions are provided or Item 13 is marked Yes, (2) this task does not belong to inquiries that necessarily test
hypotheses (i.e. experimental inquiry), (3) students are not required to formulate hypotheses, mark Yes; otherwise,
mark No

16 If the task is not designed in accordance with the traditional inquiry template ‘asking questions – formulating
hypotheses – defining operationally-… ’ and students are not required to follow a single set of cookbook steps,
mark Yes; otherwise, mark No

17 If the research questions provided are well-defined, scientific, and pertinent or if Item 13 is marked Yes and
procedures provided are guided by the questions asked or Item 10 is marked Yes, mark Yes; otherwise, mark No

18 If well-defined, scientific, and pertinent research questions and procedures guided by the questions asked are
provided and the expected outcome of this task is not a foregone conclusion (e.g. the logistic growth model of the
population of paramecium lived in a glass container), mark Yes; otherwise, mark No

19 If inquiry procedures are open to students’ independent design, and no cookbook examples are provided, mark Yes;
otherwise, mark No

20 If students are required to reach conclusions based on the data collected, mark Yes; otherwise, mark No
21 If students are required to describe the observations gathered and then analyse and interpret the data, mark Yes;

otherwise, mark No
22 If explanations of research questions or questions proposed in the discussion section are necessarily developed from a

combination of collected data and what is previously known, mark Yes; otherwise, mark No
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