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Abstract

Qu­es­tio­ning is one of the es­sential teaching strategies or basic skills of teaching engineering, ensu­ring that all stu­
dents learn as much as pos­sible, think critically and acquire deep and tho­rough unders­tanding of the to­pics they 
stu­dy. The ro­le of teaching is to bring the know­ledge to cons­cio­us­ness by as­king qu­es­tions. In the present article 
re­se­arch fin­dings are cited about questioning. Re­asons are listed why suf­ficient wait time is important, appropriate 
qu­es­tio­ning behavio­urs are described, examples are pro­vided of different levels of aqu­es­tions and qu­es­tio­ning prac­
tices to avoid are presented. Qu­es­tio­ning pro­cedu­res are described. The basic qu­es­tio­ning strategies and prompting 
techniqu­es used at Es­to­nian Centre for Engineering pedago­gy are described in the article. It is also dis­cus­sed how 
qu­es­tio­ning can create a dynamic learning environment in teaching engineering, based on the practice of Es­to­nian 
Centre for Engineering Pedago­gy.
Key words: qu­es­tio­ning techniqu­es, qu­es­tio­ning strategies, qu­es­tio­ning pro­cedu­res, deep unders­tanding, enginee­
ring edu­cation.

Intro­duction

Qu­estio­ning is considered to be a po­werful and universal teaching strategy. Teachers ask an incre­
dible num­ber of qu­estions. They use qu­estions to check recall of an increase retention of information, 
to interpret information, to guide the development of concepts or skills, to pro­mo­te thinking, evalu­ate 
learning, and to review. Du­ring a lesson qu­estions are asked to see if stu­dents understand what was pre­
sented. Qu­estions keep stu­dents attentive and on task.

The pro­blem is that there is a tendency to ask qu­estions as though they are a rice thrown at a wed­
ding. Thro­wing out lots of qu­estions makes the teacher feel go­od. These qu­estions often do little to sup­
port understanding but the answers that co­me back make it feel pro­ductive. Carefully fo­cu­sed qu­estions, 
in the other hand, make all the difference. Fo­cu­sed qu­estions are aimed at a particu­lar target. The target 
is determined by the stage of the instruction and the natu­re of understanding to be supported. There must 
be relevant, accessible prior knowledge or it must be pro­vided or constructed; the relationships must be 
known or capable of construction; the relevant and irrelevant must be discriminated and a need for in­
ferencing has to be recognised. The target is likely to be pre-requisite knowledge. Qu­estions, therefo­re, 
are aimed at stimu­lating recall of pre-requisites and practising it. They also serve to indicate where prior 
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know­led­ge is defi­cient and needs to be im­proved. The natu­re of the qu­estion matches the im­mediate goal 
of instruction. Teachers often ask mainly factu­al qu­estions, regardless of the go­al. 

Effective teachers phrase qu­estions clearly, avoid run-on qu­estions, and specify the conditions for 
the response. They probe for clarifi­cation and encou­rage stu­dents to critical thinking. Although respon­
ses are acknowledged, praise is used with discretion. Many qu­estions require ro­te memo­ry for a correct 
response. Perhaps, becau­se qu­estions that require recitation of facts take less time, teachers so­metimes 
avoid asking higher-level qu­estions.

Guidance about qu­estio­ning usu­ally falls only into two catego­ries: the kinds of qu­estions and qu­es­
tio­ning techniqu­es. 

Ty­pes and Levels of Questions

According to Burden & Byrd (2010) when using qu­estions as teaching strategy, it is im­portant to 
consider the type of the qu­estion. There are follo­wing types of qu­estions:

Qu­es­tions for the learning do­mains. Most qu­estions fo­cus on cognitive do­main. Qu­estions can be 
develo­ped for each level of the cognitive do­main: knowledge, com­prehension, application, analysis, 
synthesis and evalu­ation. The first three levels are considered to require low-level qu­estions becau­se 
they emphasise primarily the recall and mo­derate use of the information. The upper three levels of the 
cognitive do­main require high-level qu­estions that go beyond memo­ry and practical recall; they deal 
with abstract and com­plex thinking, especially needed in teaching engineering.

Convergent and divergent qu­es­tions. Two types of answers might be required from qu­estions. Con­
vergent qu­es­tions tend to have one correct or best answer. These qu­estions may be phrased to require 
either low or high level thinking. Divergent qu­es­tions are often open-ended and usu­ally have many ap­
propriate but different answers.

Types of qu­es­tions. There are different types of qu­estions for different purpo­ses. Fo­cu­sing qu­es­tions 
are used to fo­cus stu­dents’ attention on the lesson or on material being discussed. They may be used to 
determine what stu­dents have learned, to mo­tivate and generate interest, or to check for understanding du­
ring or at the end of a lesson. A teacher may need to prompt stu­dents when asking qu­estions. Prompting 
qu­es­tions inclu­de hints and clu­es to aid stu­dents in answering qu­estions or to assist them in correcting 
and initial response, a prompting qu­estion is usu­ally a rewording of the original qu­estion with clu­es or 
hints inclu­ded. Pro­bing qu­es­tions may be needed when a stu­dent do­es not answer the qu­estion com­ple­
tely. In this case a teacher may stay with the same stu­dent by asking one or mo­re pro­bing qu­estions that 
are intended to seek clarifi­cation and to provide guidance stu­dents to more com­plete answers (e.g. What 
do you mean by that? Could you ex­plain that more fully? What are the reasons for that?).

According to Eggen & Kau­chak (2006) when using qu­estions and answers, teachers can help stu­
dents pro­gress well beyond a low level. Blo­om’s taxo­no­my is one way to lo­ok at levels of qu­estions at 
stu­dent readiness and appropriate objectives are considered. Exam­ples of key words or phrases in each 
catego­ry are as follows:

Know­ledge level (recalling or recognising information) – Recall, Defi­ne, List, What? How many? 
Where? Who? Where? When?

Comprehension level (describing, putting in own words, giving exam­ples) – Describe, Give an 
exam­ple, Rephrase, Sum­marise, Ex­plain, Interpret, Paraphrase, What’s the main idea? 

Application level (applying to a new context; using a concept to solve a pro­blem) – Classify, Select, 
Prepare, Operate, Solve, Use, Demonstrate, Relate.

Analysis level (discover, or break down into the parts; find the structu­re) – Outline, Analyse, Diag­
ram, Subdivide, Infer. What are the cau­ses? What is the order? What are the reasons?

Synthesis level (organise into a new way, or into a new who­le) – Plan, Construct, Create, Pro­du­ce, 
Design, Rewrite, Devise, Com­bine.

Evalu­ation level (judge based on criteria, a ratio­nale, or standards) – Judge, Criticise, Support, Ap­
praise, Justify, Discriminate, Which is better? Why? Do you agree? Why?
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38 Bloom’s taxonomy should not be used rigid­ly nor used as a linear and inflexible hierarchy. It is a 
guide to varying qu­estions and to mo­ving from low to higher levels. There is little point, ho­wever, in 
arguing about exactly where in the taxonomy a given qu­estion fits. 

Questio­ning Tech­niques and Strategies

Once instruction begins, a teachers needs to use effective qu­estio­ning techniqu­es to get the desired 
results. In teaching engineering it is im­portant to consider a num­ber of factors when selecting qu­estions. 
Based on a research Burden & Byrd (2010) outlined fundamental qu­estio­ning techniqu­es su­itable for 
engineering edu­cation:

Plan key qu­es­tions to pro­vide les­son structu­re and direction. Teachers should write qu­estions into 
lesson plans, at least one for each objective, especially high-level qu­estions, necessary to guide discus­
sions. It is also im­portant to ask spontaneous qu­estions based on stu­dent responses.

Phrase questions cle­arly and spe­cifically. Teachers should direct the qu­estion to the entire class, 
each stu­dent in the class thus think, he or she could be asked for the response. It is im­portant to avoid 
vague or am­bigious qu­estions such as “What did we learn yesterday? Ask single qu­estions and avoid 
run-on qu­estions that lead to stu­dent confu­sion. Clarity always increses the pro­bability of accu­rate res­
ponses.

Adapt qu­es­tions to stu­dent ability level. This enchances understanding and redu­ces anxiety. Teach­
res should phrase qu­estions in sim­ple, natu­ral langu­age, adjusting vo­cabu­lary and sentence structu­re to 
stu­dents’ langu­age and conceptu­al levels.

Ask qu­es­tions lo­gically and sequ­entially. It is im­portant to avoid random qu­estions lacking clear 
fo­cus and intent. Teachers should consider stu­dents’ intellectu­al ability, prior-understanding of content, 
to­pic, and lesson objectives. Asking qu­estions in a planned sequ­ence will thus enhance stu­dent critical 
thinking and learning, particu­larly du­ring discussions. Early qu­estions pro­vide background for review. 
Follow with qu­estions that increase understanding and then application to solving pro­blems. Conclu­ding 
qu­estions can lead to new insights or be used to evalu­ate.

Ask qu­es­tions at a variety of levels. Use knowledge-level qu­estions to determine basic understan­
dings and diagno­se po­tential for higher-level thinking. Higher-level qu­estions pro­vide stu­dents opportu­
nities to use knowledge and engage critical and creative thinking.

Follow up stu­dent res­ponses. Develop a response repertoire that encou­rages stu­dents to clarify 
initial responses, expand their responses, lift thought to higher levels, and support a point of view or opi­
nion. For exam­ple, “How would you clarify that further?”, “How can you defend your po­sition?”

Give stu­dents time to think when res­ponding. Engineering teachers should increase wait time after 
asking a qu­estion to three or even fi­ve seconds to increase the frequ­ency and du­ration of stu­dent respon­
ses and to encou­rage higher-level thinking. Insisting on instantaneous responses, particu­larly du­ring dis­
cussions, signifi­cally decreases the probability of meaningful interaction with and among stu­dents.

Use qu­es­tions that encou­rage wide stu­dent participation. Engineering teachers should distribu­te 
qu­estions to involve the majo­rity of stu­dents in learning activities. For exam­ple, call on nonvo­lunteers, 
using descretion regarding the diffi­culty level of qu­estions. It is im­portant to encou­rage stu­dent-to-stu­
dent interaction and recom­mended to use circu­lar or semicircu­lar seating to create an environment con­
ductive to participation, particu­larly du­ring discussions.

Encou­rage stu­dent qu­es­tions. This pro­mo­tes active participation. Stu­dent qu­estions at higher cog­
nitive levels stimu­late higher level of thinking, essential for inquiry. It is recom­mended to give stu­dents 
opportu­nities to formu­late qu­estions and carry out follow-up investigations of interest.

According to Tileston (2004) Socratic qu­estio­ning techniqu­es or seminars pro­vide opportu­nities for 
stu­dents to use higher-level thinking strategies in regard to the subject matter. When execu­ted well, the­
se activities give stu­dents opportu­nities to pro­vide their own interpretations and viewpoints and to use 
critical thinking and pro­blem solving. It is wise if a teacher mo­dels the format by taking responsibility 
for the first of these seminars. After the stu­dents understand the tactics involved, they may be allowed to 
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take over the pro­cess. Stu­dents working in small groups discuss given qu­estions. The type of qu­estion 
cho­sen depends on the subject matter and the objectives of learning.

The classifi­cation scheme of qu­estions helps teachers to conduct goal-specific recitation periods. 
According to Orlich (2007) there are four basic qu­estio­ning strategies:

1.	Convergent qu­es­tio­ning – focu­ses on narrow objective. When using this strategy, teachers encou­
rage stu­dents to fo­cus on a central theme. This elicits short responses and fo­cus on lo­wer levels 
of thinking – knowledge or com­prehension level. This strategy is su­itable when using inductive 
teaching (proceeding from a set of specific data to a stu­dent derived conclu­sion), or direct instruc­
tion (Under what conditions will water boil at less than 100◦C?)

2.	Divergent qu­es­tio­ning – oppo­site of convergent qu­estio­ning, rather than seeking a single fo­cus, 
the go­al is to evo­ke a wide range of stu­dent responses, eliciting higher-level thinking responses 
(application, analysis, synthesis). Teachers should allow stu­dents to present their responses wit­
hout interference. Stu­dents should lo­cate different sources of information to share a variety of 
view­points (Why would you choose ach welding over gas welding?)

3.	Evalu­ative qu­es­tio­ning – is based on a divergent qu­estio­ning strategy with com­po­nent of evalu­
ation ad­ded, emphasising the specific criteria on which stu­dents should base their jud­gements. 
Teachers should help stu­dents develop a logical basis for establishing evalu­ative criteria (What 
reasons could be given to switch to either gaso­hol or hydro­gen fu­el for our au­to­mo­biles?). 

4.	Re­flective questioning – draws its histo­rical perspective from the classical Socratic method of 
qu­estio­ning. This strategy stimu­lates a wide range of stu­dent responses, having also evalu­ative 
element, the go­al being to require stu­dents to develop higher-order thinking: to elicit mo­tives, 
inferences, specu­lations, im­pact, contem­plation. The process initiated by reflective qu­estions 
may also be called critical or analytical thinking. This appro­ach gives a double value – stu­dents 
work co­o­peratively and they have to think. The types of thought pro­cesses that can be stimu­la­
ted through reflective qu­estioning are as follows: seeking motives, ex­panding a vision, listing 
im­plications, searching for unintended consequ­ences, identifying issu­es, analysing persu­asive 
techniqu­es, making unique interpretations, inferring valu­es, challenging assumptions, seeking 
meanings (What im­pact have personal com­pu­ters made on our school courses?).

Questio­ning Pro­cedures

The way qu­estions are asked is im­portant, especially in teaching engineering. The climate of qu­
estio­ning should be po­sitive and encou­raging. According to Lang & Evans (2006) and Burden & Byrd 
(2010) there are the follo­wing qu­estio­ning pro­cedu­res to follow:

Get the undivided attention of the entire class. All stu­dents should feel a part of the teaching/lear­
ning pro­cess and think they perso­nally are being addressed.

Use variety and unpredictability in as­king qu­es­tions. Stu­dents should know that they may be called 
on at any time, regardless of what has go­ne on befo­re. It is im­portant to be cau­tios about using predic­
table patterns, such as calling only on stu­dents who raise their hands, always calling on so­meo­ne in the 
first row first (or another particu­lar area), taking qu­estions in the same order as in the tex­rbook, and not 
qu­estio­ning a stu­dent again after he/she has answered on a qu­estion.

Ask the qu­es­tion befo­re calling on a particu­lar stu­dent. Asking the qu­estion befo­re calling on so­me­
o­ne allows all stu­dents mo­re time to consider the qu­estion and a possible answer, creates greater interest, 
and increases attentive behavio­ur. If one stu­dent is named befo­re asking a qu­estion, others may not pay 
attention to what follows. 

Wait at least for 5 seconds after as­king a qu­es­tion befo­re calling on a stu­dent. After asking a qu­es­
tion it is im­portant to provide the stu­dent with enough time to reflect on a com­plex qu­estion and formu­
late an appropriate answer. 

Call on a spe­cific in­dividual to respond. Requ­ests for responses should be spread among vo­lun­
teers and nonvolunteers, matching qu­estion diffi­culty with stu­dent likelihood to respond successfully. 
Teachers should require stu­dents to respond to the who­le class, a stu­dent’s answer may lead to the next 
qu­estion, stu­dents should exercise to com­plete their answers.
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40 1.	Do not consis­tently repeat stu­dent ans­wers. It often results in stu­dents believing that they do 
not need to listen to their fellow stu­dents’ answers and that there is no need to speak loudly, if a 
response was unclear, ask the stu­dent to rephrase it, or use a redirect. On occasion, for emphasis 
another stu­dent can be asked to repeat the answer.

Ask qu­es­tions that relate to stu­dents’ own lives or similar situ­ations. Stu­dents will find learning mo­
re meaningful when it can be related to their own lives and interests.

2.	Vary the types of qu­es­tions being as­ked. 

According to Nilson (2003) there are also so­me practices to avoid in qu­estio­ning, especially in te­
aching engineering:

1.	Yes-no qu­es­tions – they encou­rage gu­essing and have little diagnostic value.
2.	Leading qu­es­tions – as they contain a portion of answer or suggest the answer and may encou­ra­

ge dependence on a teacher.
3.	Short-ans­wer qu­es­tions – except when drilling or preparing for high-level qu­estions, avoid qu­es­

tions largely restricted to narrow, short answer, memo­ry, or recall in order to help stu­dents im­pro­
ve their ability to think.

4.	Run-on or in­terrupted questions – which add confu­sing and unnecessary detail or are long and 
my cau­se stu­dents to forget or wonder what was asked.

5.	Multiple questions – cau­se stu­dents to forget what was asked, wonder which qu­estion to answer, 
or what is really asked.

6.	Rhe­torical questions – may cau­se stu­dents to be inattentive and not respond when actu­ally as­
ked.

7.	Blan­ket questions – qu­estions such as, “Do­es everybo­dy understand?” or “Do you have any qu­es­
tions?” usu­ally waste time and have little or no diagnostic value, it is wiser to ask the stu­dents to 
solve a pro­blem, thus demonstrating, weather they have understo­od the to­pic or not.

8.	Re­pe­ating the question – may encou­rage inattentiveness, interrupt the flow of discussion and 
centre the interchange on a teacher. Ho­wever if a qu­estion was po­orly phrased or too com­plex, it 
may need to be rephrased or bro­ken into sub-qu­estions.

	 According to Orlich (2007), Melezinek (1999), Newton (2000), Burden & Byrd (2010), the ba­
sic ru­le for asking qu­estions is to pro­ceed in three steps: ask the qu­estion, pau­se, and then call a stu­dent. 
There are several reasons to use a wait time. First it gives atu­dents a chance to think about their respon­
ses, especially if higher-level qu­estions are asked. This pau­se also gives time to read stu­dents’ nonverbal 
cu­es. After the stu­dent has given a first answer to the qu­estion, it essential to wait again, becau­se it gives 
stu­dents ad­ditional time to think and allows others to respond as well without prompting. The benefits 
of wait time for stu­dents are: longer responses, mo­re stu­dent discourse and qu­estions, fewer non-respon­
ding stu­dents, mo­re stu­dent involvements in lessons, increased com­plexity of answers and higher achie­
vement.

After asking a qu­estion, pau­sing, and calling for or accepting stu­dents’ responses, the teacher has 
major decision to make. Should the answer be received and reinforced with a rewarding encou­ragement? 
If the response is so­mewhat incom­plete, should the stu­dent be prompted to make a mo­re com­plete ans­
wer? Or should the response be pro­bed to extend knowledge fro all stu­dents? Prompting and pro­bing 
seem to occur almost unconscio­usly in most teachers’ classro­oms. Planned use of prompting and pro­bing 
can indu­ce much greater success in stu­dents’ learning.

A prompt is like giving a hint, a part of the response that the teacher wants a stu­dent to make. Accor­
ding to Elliott (2005) there are three types of prompts:

Redirecting
Refo­cu­sing
Hinting or suggesting

A teacher may elect to give a nonresponding stu­dent a part of the desired response, a hint. The hint 
is offered in ho­pes of jogging the su­dent’s memo­ry, leading him or her to remem­ber information that 



PROBLEMS 
OF EDUCATION 
IN THE 21st CENTURY
Volume 19, 2010

41

Hants KIPPER, Tiia RÜÜTMANN. Strategies and Techniques of  Questioning Effectuating Thinking and Deep 
Understanding in Teaching Engineering at Estonian Centre for Engineering Pedagogy

should have mastered previo­usly. A prompt may also take the form of a second qu­estion using different 
terms to redirect attention, varying the vo­cabu­lary to better com­mu­nicate the qu­estion. 

A pro­be is quite different from a prompt. Pro­bes clarify and elicit higher order thinking skills, they 
extend understanding among all tho­se listening to the exchange, not the responding learner alo­ne. Accor­
ding to Elliott (2005), pro­bes co­me in four catego­ries:

They clarify the previo­us stu­dent response.
They lead to an enchanced critical awareness of the previo­us response.
They lead stu­dents to relate one idea to another.
They help stu­dents predict eventu­al outco­mes based on the reaso­ning accu­mu­lated in previo­us res­

ponses.

According to Elliott (2005) pro­bes depend on stu­dent’s response to a qu­estion, if the response is:
High qu­ality res­ponse – no prompt is needed. It is recom­mended to invite a stu­dent to sum­marise. 

Primary probes: Why do you think the way you do? Can you tie this idea into another? What do you 
think will happen? 

Partial or superficial respon­se – Facilitating prompts: redirect, refocus, hint. Primary probes: What 
do you mean? Why do you think the way you do? Can you tie this idea into another? What do you think 
will happen?

Nonres­ponse – Silence. Facilitating prompts: redirect, refo­cus, hint.

Questions to Create Higher Order Thinking

Merely asking qu­estions do­es not cau­se stu­dents to think. But higher-level qu­estion invite and en­
cou­rage higher levels of critical thnking in stu­dents. Furthermo­re, acording to Orlich (2007), it appears 
that if teachers systematically raise the level of their qu­estio­ning, stu­dents raise level of their responses 
correspondingly. This requires a carefully planned qu­estio­ning strategy. Through appropriate qu­estio­o­
ning stu­dent cu­rio­sity is fostered. Cu­rio­sity is affective dimension of learning and it deals with mo­tiva­
tion.

Qu­estio­ning is a primary to­ol in teaching engineering for leading stu­dents into higher order thin­
king. Stu­dents should be asked mo­re how, why, or what do you suppo­se qu­estions, not only what qu­es­
tions. Knowledge requires memo­ry only, repeating information exactly memo­rised – the what. Com­pre­
hension, ho­wever, calls for rephrasing, rewording and com­paring information. Application requires the 
learner to apply knowledge and understanding to determine an appropriate, correct answer. Analysis asks 
stu­dents to identify mo­tives or cau­ses, draw conclu­sions, determine evidence. Synthesis leads stu­dents 
to make predictions, pro­du­ce original com­mu­nications, or solve pro­blems. Evalu­ation cau­ses stu­dents to 
make judgements, offer and support opinions.

Higher-level qu­estions do not gu­arantee higher-level responses, they only open a very im­portant do­
or to critical thinking for engineering stu­dents. If a teacher wants to encou­rage a response at a particu­lar 
level of thinking, then he/she must frame the qu­estion at a appropriate intellectu­al level. Engineering te­
achers should use a qu­estio­ning hierachy as a plan for recitations and descussion. This allows to structu­re 
facts, concepts and generalisations within a framework for thinking. Qu­estio­ning hierarchy can also be 
used to plan declarative statements and to structu­re them in a hierarchical manner to elicit higher-level 
stu­dent responses.

Through a cleverly planned qu­estio­ning strategy, an engineering teacher can creatively lead stu­
dents through the cognitive taxo­no­my of thinking. Carefully devised qu­estions facilitate the observation, 
com­mu­nication, com­parison, ordering, catego­risation, relating, inferring from, and application of infor­
mation. Beginning with what or the recall qu­estions, in teaching engineering a teacher should lead from 
the knowledge base into understanding, and from undesrtanding into practical application, from applica­
tion into a mo­re careful analysis, and after analysis into a synthesis or a reassem­bling of the no­tion in a 
new and different way. This entire pro­cess can then be assessed and judged as having marit, qu­ality, or 
worth, teaching stu­dents to evalu­ate all ideas on a consistent set of criteria.
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42 An engineering teacher could pro­mo­te observation by directing stu­dents to “tell us what you see” 
or to “list the properties that are apparent in the sam­ple” by asking qu­estions like: “What are the domi­
nant characteristics of this subject?”, “What is the object’s size and shape?”. For com­paring information, 
the scientific thought process that deals with similarities and differences, an engineering teacher should 
lead the analytic qu­estioning: “How are these alike?”, “How are these different?”, “Which comes first, 
second, third?”, “On what basis would you group these ideas or objects?”, “What is a different way in 
which these characteristics can be clustered?”. Follo­wing analytic qu­estions, synthesis qu­estions should 
be asked: “Use the information you have learned to design something new”. The fi­nal element of reason 
and thought would be leading stu­dents into evalu­ation by asking for exam­ple “Which ex­perimental de­
sign was the best? Why?”. Related to evalu­ation is the process of inferring, conclu­ding, deciding. This 
is the scientific thinking process that deals with ideas remote in time and space: “What can be inferred 
from this information?”, “Predict the outco­me and give evidence to support your prediction”, “Under 
what conditions might we extrapo­late from this observed information and believe that a similar reaction 
could occur under a different circumstance?”.

Discussion

All thinking is driven by qu­estions. Deep qu­estions generate deep thinking. Phrasing qu­estions is 
im­portant to what go­es on in a class discussion. An engineering teacher sets the stage and makes sta­
tements that pro­vide information, challenge, sum­marise and help organisation and development. The 
statements a teacher makes are as im­portant as the qu­estions po­sed and the qu­estions or com­ments that 
co­me from stu­dents help the discussion. Teachers must design qu­estions that will help stu­dents attain the 
specific goals (objectives or outcomes) of a particu­lar lesson. 

Qu­estio­ning is one of the missing pieces in teacher edu­cation. Teachers often ask clo­se-ended qu­
estions that don’t allow the stu­dents to demonstrate their level of knowledge or lack of knowledge. The 
qu­ality of response is always affected by the qu­ality of the qu­estion. Qu­estions are critical elements for 
teachers to use to stimu­late stu­dent thinking especially in teaching engineering.

At Esto­nian Centre for Engineering Pedago­gy special attention is paid to the qu­estio­ning techniqu­
es in teaching fu­tu­re engineering teachers. Research reveals that in teaching engineering, qu­estio­ning 
follows lectu­ring as the most com­monly used teaching method, with teachers spending from 35 to 50 
percent of instructio­nal time in qu­estio­ning sessions. The fu­tu­re teachers are guided to use open ended 
qu­estions that require analysis, synthesis, or judgements and support. This stimu­lates thinking, mo­ving 
beyond rote memory. When using qu­estions and answers it is possible to help stu­dent progress well be­
yond a low level. In teaching engineering it is im­portant that qu­estions should be designed to pro­mo­te 
thinking and participation. Asking high-cognitive-level qu­estions, requiring critical thinking, not just me­
mo­ry, increases stu­dent achievement. The best pattern for younger and lo­wer-ability stu­dents is sim­ple 
qu­estions with high success rates; for high-ability stu­dents, harder qu­estions should be asked and mo­re 
critical feedback given. 

According to the research carried out at Esto­nian Centre for Engineering Pedago­gy, engineering 
teachers ask qu­estions on cognitive level as follows: about 60 percent qu­estions are lo­wer-cognitive, 
20 percent are higher and 20 percent are pro­cedu­ral. Higher-cognitive qu­estions are not always better 
in getting higher-level responses, fostering learning gains. Asking many lo­wer-level qu­estions is ap­
propriate – the greater the num­ber of qu­estions, the greater the stu­dent achievement. When lower-level 
qu­estions are predominant, the level of diffi­culty should result in a high percentage of correct responses. 
Stu­dents whom teachers perceive as slow or po­or learners are asked fewer higher-cognitive qu­estions 
than stu­dents perceived as mo­re capable learners. Increasing the use of higher-cognitive qu­estions consi­
derably abo­ve 20 percent, results in higher learning gains. Still asking higher-cognitive qu­estions alo­ne 
will not necessarily result in higher-cognitive responses. 

Teaching stu­dents how to draw inferences and pro­viding practice leads to higher-cognitive respon­
ses and greater learning gains. Increases in the use of higher-cognitive qu­estions in recitations do not 
redu­ce stu­dent performance on lo­wer-cognitive qu­estions or tests. Increasing the use of higher-cognitive 



PROBLEMS 
OF EDUCATION 
IN THE 21st CENTURY
Volume 19, 2010

43

Hants KIPPER, Tiia RÜÜTMANN. Strategies and Techniques of  Questioning Effectuating Thinking and Deep 
Understanding in Teaching Engineering at Estonian Centre for Engineering Pedagogy

qu­estions to 50 percent or mo­re is related to increases in on-task behavio­ur, stu­dent response length, re­
levant vo­lunteered contribu­tions by stu­dents, stu­dent-to-stu­dent interactions, use of com­plete sentences 
when responding, specu­lative and critical thinking and relevant qu­estions asked by stu­dents.

For stu­dents, increased use of higher-cognitive qu­estions (up to 50 percent) is po­sitively related to 
higher teacher expectations about stu­dents’ abilities, particu­larly for stu­dents teachers habitu­ally have 
thought to be slow or po­or learners.

The way qu­estions are asked is im­portant. It is recom­mended that teachers ask clear, specific qu­es­
tions using su­itable vo­cabu­lary level, ranging from the lo­west to the highest levels of Blo­om’s taxo­no­my 
and using qu­estions to help stu­dents connect im­portant concepts.

Effective teachers teach stu­dents how to participate in qu­estio­ning, explaining why it I is im­portant 
for them to normally follow the rou­tine they wish to establish. As a part of explanations it is recom­men­
ded to tell the class you value the contribu­tion of everybo­dy as a mem­ber of the class. Tell the stu­dents 
that no­bo­dy knows everything and it is OK to risk, no sincere answer or qu­estion is “dumb” or so­met­
hing to be ashamed of – sincere qu­estions present opportu­nities for learning. Having stu­dents observe 
the qu­estio­ning pattern that follows can increase participation and learning and is an im­portant aid to 
classro­om management.

Go­od qu­estio­ning is not so­mething that works in iso­lation. It occurs within the structu­re of a classro­
om and exem­plifies the key elements of high-qu­ality teaching. Teacher qu­estions are cru­cial in helping 
stu­dents make connections and learn concepts, and that effective qu­estions mo­nitor stu­dents’ understan­
ding of new ideas and encou­rage them to think mo­re deeply. High qu­ality instruction takes place when:

the teacher’s qu­estio­ning strategies are likely to enhance the development of stu­dent conceptu­al 
understanding/pro­blem solving (e.g. the teacher emphasised higher-order qu­estions, used wait-time ap­
propriately, and identified prior conceptions and misconceptions).

the teacher encou­rages and valu­es participation by all stu­dents.
the climate of the lesson encou­rages stu­dents to generate ideas, qu­estions, conjectu­res and pro­po­si­

tions.

High qu­ality instruction does not take place when teachers use low-level “fill-in-blank” qu­estions 
asked in rapid fi­re fashion with an emphasis on getting the right answer and moving on rather than hel­
ping stu­dents to understand the concepts.

Teachers tend to fall into a pattern of calling mainly on higher-ability stu­dents to answer qu­estions 
the qu­estio­ning pattern should have all stu­dents called upon as equ­ally as reaso­nable having equitable 
distribu­tion is a demanding but im­portant challenge. How to handle stu­dent responses makes a differen­
ce. Discussion and participation should be enhanced. Allowing suffi­cient wait time is fundamental to 
encou­raging responses. It is agreed that the wait time should be three to fi­ve seconds or more, particu­
larly when higher-order qu­estions are asked. The benefits are im­pressive: stu­dents tend to give longer 
answers (up to 700 percent longer), the num­ber of supported and lo­gical responses increases; failu­res to 
respond are redu­ced; mo­re stu­dents vo­lunteer to respond; higher-order responses are given mo­re frequ­
ently; stu­dents rated as slow by teachers respond more often and ask more qu­estions; more confi­dence is 
shown in responding; stu­dents ask mo­re qu­estions; stu­dent-to-stu­dent exchanges increase; stu­dents are 
mo­re willing to risk becau­se the num­ber of specu­lative responses increases; and the need to discipline 
decreases. Accordingly increasing wait time could result in higher stu­dent achievement, retention, mo­re 
high-level responses, greater response length mo­re unso­licited responses, deep understanding, critical 
thinking, mo­re decreases in failu­re to respond and mo­re qu­estions asked by stu­dents. 

When wait-time is increased, teachers make better use of qu­estions and answers, they have time to 
scan the ro­om and encou­rage stu­dents, consider the next qu­estion, think about how to handle the respon­
ses, teachers are more flexible, make more requ­ests for clarifi­cation or elaboration.

Explaining a new to­pic in teaching engineering can be very effective if it is supported by fo­cu­sed 
qu­estio­ning. Fo­cu­sed qu­estio­ning according to Newton (2000) also stimu­lates critical thinking requiring 
com­paring or contrasting items determining the cau­se and effect. At Esto­nian Centre for Engineering 
Pedago­gy fo­cu­sed qu­estio­ning has been used and taught to fu­tu­re engineering teachers. Fo­cu­sed qu­estio­
ning can be effectively used in teaching engineering as follows:
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44 1.	Set the scene and establish relevance (Did you see the news about po­wer cut? Is it im­portant? 
Why?) 

2.	Elicit relevant prior know­led­ge, to bring it into conscious thought (Who can tell me how a torch 
works?)

3.	Pro­cess this knowledge or develop new knowledge that will be needed in the understanding (Sup­
po­se the torch is switched off, how it stops the light from co­ming on?) 

4.	Fo­cus attention on relevant parts of a situ­ation to ensu­re that they are enco­ded in the situ­ation 
model (Why won’t this torch work? Do you think the bulb might be faulty? How could we check 
it? Would a magnifying glass help?)

5.	Deflect attention away from irrelevant aspects of a situ­ation so that they do not fi­gu­re largely in 
the processing of the mental presentation of the situ­ation (Watch, I’ll take it apart so we can see 
what’s inside. What’s this mess on the battery?)

6.	Require predictions about the developments of a situ­ation and ensu­re that the basis of the predic­
tions is appropriate (What would happen if I fastened this wire between there and there?)

7.	Com­pare the fi­nal state of the event with the predicted one (Is that what you ex­pected to hap­
pen?)

8.	Rehearse and integrate the pro­cess (So, when we have a break in a circuit, what do­es it mean? 
How it could be found where the break is?)

Not all of the named stages are always needed, but it is likely that mo­re than one qu­estion in any 
stage will be necessary to explo­re fully the vario­us aspects of understanding to be fostered, especially in 
teaching engineering.

Conclusions

An effective teacher plans qu­estions befo­re the class session, designing them to lead stu­dents to 
higher order thinking. Qu­estio­ning sessions in classro­oms ought to be constructive and cheerful expe­
riences in which stu­dents’ opinions are respected, their interests stimu­lated, and their minds challenged. 
Qu­estio­ning is a valu­able to­ol for ensu­ring instructio­nal equity.

Scho­ols have typically neglected teaching for thinking, and transfer thinking operations from one 
subject to another and to real life. Emphasis has been on information acquisition and low-level content. 
Stu­dents need to do mo­re than learn information. Thinking skills and pro­cesses need to be learned, as 
do­es the ability to use these in a variety of contexts. If teaching and learning are to be authentic, teachers 
need to teach for thinking. One of po­werful strategies for teaching for critical thinking and deep unders­
tanding is qu­estio­ning. 
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