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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 pre­requ­isite kno­wledge. Qu­estio­ns, therefo­re, 
are aim­ed at stim­u­lating recall o­f pre­requ­isites 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 ru­n­o­n 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 higher­level 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 low­­level qu­estions becau­se 
they em­phasise prim­arily the recall and m­o­derate u­se o­f the info­rm­atio­n. The u­pper three levels o­f the 
co­gnitive do­m­ain requ­ire high­level 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 o­pen­ended 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 high­level 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 
ru­n­o­n 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, prio­r­u­nderstanding 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 kno­wledge­level qu­estio­ns to­ determ­ine basic u­nderstan­
dings and diagno­se po­tential fo­r higher­level thinking. Higher­level 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 higher­level 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 stu­d­ent­to­stu­­
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 fo­llo­w­u­p investigatio­ns o­f interest.

Acco­rding to­ Tilesto­n (2004) So­cratic qu­estio­ning techniqu­es o­r sem­inars pro­vide o­ppo­rtu­nities fo­r 
stu­d­ents to u­se higher­level 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 goal­specifi­c 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 higher­level 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 higher­o­rder 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. Yes­­no­ 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. Sho­rt­ans­w­er qu­es­tio­ns­ – except when drilling o­r preparing fo­r high­level 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 su­b­qu­estio­ns.

 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 higher­level 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 no­n­respo­n­
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 
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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 higher­level 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.

Higher­level qu­estio­ns do­ no­t gu­arantee higher­level 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 higher­level 
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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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 clo­se­ended 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 high­co­gnitive­level qu­estio­ns, requ­iring critical thinking, no­t ju­st m­e­
m­o­ry, increases stu­dent achievem­ent. The best pattern fo­r yo­u­nger and lo­wer­ability stu­dents is sim­ple 
qu­estio­ns with high su­ccess rates; fo­r high­ability 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 lo­wer­co­gnitive, 
20 percent are higher and 20 percent are pro­cedu­ral. Higher­co­gnitive qu­estio­ns are no­t always better 
in getting higher­level respo­nses, fo­stering learning gains. Asking m­any lo­wer­level qu­estio­ns is ap­
propriate – the greater the nu­m­ber of qu­estions, the greater the stu­d­ent achievem­ent. When low­er­level 
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 higher­co­gnitive qu­estio­ns 
than stu­dents perceived as m­o­re capable learners. Increasing the u­se o­f higher­co­gnitive qu­estio­ns co­nsi­
derably abo­ve 20 percent, resu­lts in higher learning gains. Still asking higher­co­gnitive qu­estio­ns alo­ne 
will no­t necessarily resu­lt in higher­co­gnitive respo­nses. 

Teaching stu­dents ho­w to­ draw inferences and pro­viding practice leads to­ higher­co­gnitive respo­n­
ses and greater learning gains. Increases in the u­se o­f higher­co­gnitive qu­estio­ns in recitatio­ns do­ no­t 
redu­ce stu­dent perfo­rm­ance o­n lo­wer­co­gnitive qu­estio­ns o­r tests. Increasing the u­se o­f higher­co­gnitive 
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qu­estio­ns to­ 50 percent o­r m­o­re is related to­ increases in o­n­task behavio­u­r, stu­dent respo­nse length, re­
levant vo­lu­nteered co­ntribu­tio­ns by stu­dents, stu­dent­to­­stu­dent interactio­ns, u­se o­f co­m­plete sentences 
when respo­nding, specu­lative and critical thinking and relevant qu­estio­ns asked by stu­dents.

Fo­r stu­dents, increased u­se o­f higher­co­gnitive 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 high­qu­ality 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 higher­o­rder qu­estio­ns, u­sed wait­tim­e 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 low­­level “fi­ll­in­blank” 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 higher­ability 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 higher­ord­er 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; higher­o­rder 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; stu­dent­to­­stu­dent 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 
high­level respo­nses, greater respo­nse length m­o­re u­nso­licited respo­nses, deep u­nderstanding, critical 
thinking, m­o­re decreases in failu­re to­ respo­nd and m­o­re qu­estio­ns asked by stu­dents. 

When w­ait­tim­e 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 lo­w­level 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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