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Abstract

Student question-generation (SQG) procedural guides differ in terms of level of
concreteness, demands on cognitive skills and appropriateness for respective
instructional units. Because existing studies exclusively examine the effects
of individual guides, this study was aimed at an investigation of the effects of
online SQG with multiple guides intended to promote elementary students’ use
of cognitive strategies and to improve academic performance while learning
Chinese and science. A quasi-experimental research method and an online
learning system with dynamic scaffolding designs were adopted to support
student learning of Chinese and science via the SOQG approach. Two fifth-grade
classes (N=56) participated for eight weeks. Twice per week, in accordance
with the instructors’ schedules, students engaged in online SQG or self-study
activities in their randomly assigned groups. The results of the analysis of
covariance indicated significant differences between the two treatment groups
in their use of cognitive strategies while learning Chinese and science, with
students in the SQG group scoring significantly higher than those in the
comparison group. However, academic achievement between the two groups
did not differ significantly. Suggestions for instructional implementations and
future studies are provided.

Keywords: Academic achievement; Online learning system; Student question-
generation; Use of cognitive strategies

SUMMARY
Introduction

The traditional transmission teaching mode is no longer sufficient or
adequate to prepare citizens to be equipped with 21% century skills (e.g., creative
thinking, critical thinking, communication and collaboration, and complex
problem-solving ability). Determining a method by which to transform classroom
environments by integrating innovative instructional strategies that support active
learning and the cultivation of higher-order thinking skills, deep information
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processing and knowledge construction on the learner’s part has become an
important educational goal worldwide.

Student-generated questions (hereafter called SQG), in alignment with
contemporary educational theories including information processing theory and
constructivism, is a notable cognitive and meta-cognitive strategy. Rather than
simply subsuming what has been delivered by the instructor, when engaged in
SQG, students will be more likely to act as active processors that select, organize,
store, integrate and retrieve information that mobilizes generative learning and
leads to productive outcomes (Yu & Hung, 2006; Yu & Liu, 2005b).

The learning benefits of SQG have been well-documented, and the
empirical studies on SQG have generally been positive (Yu, 2012). Overall, the
accumulated evidence from empirical studies since the 1960s provides a solid
basis to support the teaching and inclusion of SQG to enhance comprehension,
academic achievement, motivation, question-generation abilities, the use of
cognitive strategies, problem-solving abilities and attitudes toward the subject
matter being studied (Barak, & Rafaeli, 2004; Brown & Walter, 2005; Chin &
Brown, 2002; Dori & Herscovitz, 1999; Perez, 1985; Toluk-Ugar, 2009; Yeh &
Lai, 2012; Yu & Hung, 2006; Yu & Liu, 2005b). Despite the predominately
positive effects of SQG, existing studies resort to single procedural guide to
support SQG.

Currently, there are several procedural guides in existence. Because each
guide differs in regard to its level of concreteness, specifics of focus, demands on
cognitive skills and ease of learning and use on the learner’s part (Rosenshine,
Meister, & Chapman, 1996), rather than resorting to one guide, a combinational
approach in accordance with the study content would potentially be a viable and
situation-sensitive instructional approach. In an attempt to establish empirical
evidence of this, the effects of online SQG with multiple guides for elementary
students’ use of cognitive strategies and academic performance are the focus of
this study.

Research Methods

A quasi-experimental research method was adopted. Students from two
fifth-grade classes (N = 56) were invited to participate and were randomly
assigned to two treatment groups-one being the experimental group (i.e., SQG with
multiple guides) and the other the control group (i.e., traditional self-study group).

This study took place in the context of Chinese and science instruction. Prior
to the commencement of this study, data on students’ use of cognitive strategies
and academic performance in both Chinese and science were collected. To ensure
that the integrated multiple guides were suitable for the targeted audience and
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subject matter, expert evaluation with a group of six subject matter experts was
conducted. As a result, a total of five procedural guides including signal word
(Rosenshine et al., 1996), main ideas (Dreher & Gambrell, 1985; Ritchie, 1985 ),
question types (Raphael & Pearson, 1985), the answer is (Stoyanova & Ellerton,
1996) and what if / what if not (Brown & Walter, 2005) were selected for science
SQG, whereas signal word, main ideas, question types, the answer is and story
grammar (Nolte & Singer, 1985; Short & Ryan, 1984) were chosen for Chinese
SQG. Finally, to equip students in the experimental group with essential SQG
knowledge and skills, a training session was held. During the training session,
quality criteria associated with SQG and the operational procedures for the
adopted system were explained, followed up by student hands-on spaced practice
activities.

Afterwards, twice per week (one for Chinese and the other for science) for
eight consecutive weeks, students assigned to the experimental and control groups
engaged in online SQG and self-study activities, respectively, in accordance with
instructors’ weekly lesson plans in 35-minute instructional sessions. A SQG
online system with dynamic scaffolding designs was adopted for the experimental
group’s use. After the study, the “Cognitive Strategies Use Scale” (18 items,
6-point Likert scale) with good validity and reliability was disseminated for
completion by the students on an individual basis in order to collect data on the
use of rehearsal, elaboration and organization strategies while learning Chinese
and science. Finally, the students’ academic performance in the school-wide
exams in Chinese and science administered at the end of the study was used to
assess their learning of the topics covered during the study.

Results and Discussion

The results of the analysis of covariance revealed significant differences
between the two treatment groups in the use of cognitive strategies while learning
Chinese, F (1, 53) = 1449, p < .05, and science, F (1, 53) = 19.70, p < .05 with
students in the SQG group scoring significantly higher than those of the control
group. However, academic achievement between the two groups did not differ
significantly for either Chinese, F (1, 53) = .53, p > .05, or science, F' (1, 53) = 1.35,
p>.05.

The significantly higher frequent activation of cognitive strategies
highlighted the beneficial effects of SQG with multiple guides to induce students
to engage more in rehearsal, organization and elaboration, as compared to the self-
study traditional approach. The current study confirmed the research hypothesis
that students with explicit procedural guides during SQG including signal words,
story grammar categories, main ideas and question types seemed to mobilize
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versatile cognitive strategies such as reading and re-reading, copying, association,
rephrasing, relating to one’s own experience or prior study content, pinpointing
important concepts / keywords / sentences by underlining or marking, rearranging
material, and so on, to help organize / re-organize, interconnect and present the
material under study during the learning process. On the other hand, even though
students assigned to the SQG approach performed better in both Chinese and
science academic achievement as compared to those in the self-study group, and
even though it is implied by cognitivists that deep processing, such as rehearsal,
elaboration and organization help consolidate knowledge better and longer
(Reigeluth, 1983; Weinstein, Husman, & Dierking, 2000), the differences did not
reach statistical significance.

Conclusions

The findings of this study substantiated the positive effects of SQG with
multiple guides for the promotion of the use of cognitive strategy when students
interact with learning material. The results obtained from the current study
helped to extend the empirical basis of SQG with a single guide. As Rosenshine
et al. (1996) argued, each of the procedural prompts addressed in this study was
different in regard to its level of concreteness, specifics of focus, demands on
cognitive skills, and ease of learning and use on the part of the learner. As such,
rather than resorting to one guide during SQG, based on the current findings, it is
suggested that instructors may consider adopting a combinational approach, that
is, SQG with multiple procedural guides in accordance with the study content, in
order to achieve sensitive and adaptive support that will enhance the development
of the use of cognitive strategy in students.
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